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ABSTRACT 
Annelation reactions of 3-thiabicyclo[3.2.0]heptane-
3,3-dioxide ring systems are investigated, with a view 
to studying the thermal behaviour of the products under 
the conditions of flash vacuum pyrolysis (FVP). 
Base-promoted reactions as well as cycloadditions are 
employed to this end. 	A synthetic route to 
1, 5-disubstituted 	hexa-2, ti-diene-3, 1-dicarboxylate 
systems is described and the geometry of the diene 
function is reported. 
Methyl. 3-thiabicyclo[3.2.0]hept-6-ene-3,3-dioxide-
6-carboxylate, prepared via a novel, iodide-promoted, 
tandem dealkylation dehalocarboxylation reaction, is 
shown to be a. reactive dienophile and a useful synthon 
for the preparation of tricyclic suiphones. 
6,7-Dimethylene-3-thiabicyclo[3.2.0]heptane-393-
dioxide is shown to be a reactive diene and a masked 
form of (L&]dendr'alene (3, L&-dimethylenehexa-1, 5-diene). 
This duality is exploited to perform tandem annelations 
for the construction of multiple-ring systems. The 
three-dimensional structure of (4]dendr'alene is also 
investigated. 
In addition, the preparation of 4-oxo-3,5-dioxa - 9-
thiatrioyclo[5.3.0.029 6 ]decane_9,9_dioxide 	ring 
systems are described for the preparation of 6,7-dioxo-
3- thiabicyclo[3.2.0]heptane-3,3-dioxide which may serve 
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The photocycloadduct (3) of butadiene suiphone (1) 
and maleic anhydride (2) has been studied extensively in 
recent yeara 3 (Scheme 1). 
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Interest in this compound has centred on its thermal 
behaviour, particularly under the conditions of flash 
vacuum pyrolysis (FVP) , whereby extrusion of sulphur 
dioxide gives rise to new diene systems. 
The work reported in this thesis has been a 
continuation of these studies and, for the purposes of 
this introduction, it is important to outline the theory 
of sulphur dioxide extrusion, as well as the synthetic 
utility of this reaction. Similarly it is essential to 
describe the way in which the thermal behaviour of the 
diene products may be anticipated. McL.aughlin1 showed 
in these laboratories that sulphur dioxide extrusion 
from (3) gives rise to the divinyl anhydride (A) (Scheme 
2), and it is a feature of the hexa-1,5-diene systems 
derived from (A) that they can, 	under suitable 
conditions, undergo a (3,3] sigmatropic rearrangement 
(Cope rearrangement) 
-2 - 
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Scheme 2 
Therefore, in addition to the theory and practice of 
sulphur dioxide extrusions, it is the intention of this 
introduction to discuss the Cope rearrangement from both 
a theoretical standpoint, to indicate how the 
gtereoohemical outcome may be predicted, and also how it 
is incorporated into synthetic methodologies. 
l.CheletrOpiC Extrusion of Sulphur Dioxide from Cyclic 
Sulphofles 
A cheletropic reaction is a cycloaddition in which 
one of the reacting species or fragments acts through a 
single atom possessing both a filled and an empty 
orbital. Woodward and Hoffman5 define n cheletropic 
reactions as those processes in which two sigma bonds 
that terminate at a single atom are made, or broken, in 
concert (Scheme 3). 
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Treatments of cheletropic reactions from a 
theoretical viewpoint are available from a number of 
sources6 . The most straightforward procedure for the 
treatment of sulphur dioxide extrusion from cyclic 
suiphones is to adopt the frontier molecular orbital 
approach 0 . In this analysis only the electronic 
condition of the highest occupied molecular orbital 
(110140) and the lowest unoccupied molecular orbital 
(LUMO) of each component is considered. 
Sulphur dioxide has a lone pair of electrons on 
sulphur in the plane of the two oxygen atoms, as well as 
a vacant p orbital orthogonal to this (Fig. 1). 
LUMO-- 17) 
HOMO ------ 	S 
Fig. 1 
When analysing the cheletropic extrusion of sulphur 
dioxide from cyclic sulphones consideration must be 
given to the interaction of the 110140 of sulphur dioxide 
(lone pair) with the LUMO of the (poly)alkene, together 
with the LLJI4O of sulphur dioxide (vacant p orbital) with 
the 110140 of the (poly)alkane. 
Woodward and Hoffman" describe two reaction 
pathways, the simple linear approach (least motion path) 
and the non-linear approach (non-least motion path). In 
- A - 
the former, the oxygen atoms of sulphur dioxide can 
approach the unsaturated system in the same plane that 
they occupy in the product. In the latter they are 
required to move out of the plane they occupied in the 
transition state. However neither of these pathways may 
be distinguished by examination of the final products, 
because sulphur dioxide does not leave an identifiable 
stereochemical imprint. 
Three types of reaction serve to illustrate these 
concepts. 
The sulphur dioxide alkene reaction. 
The sulphur dioxide 1,3-butadiene reaction. 
The sulphur dioxide 1,3,5-hexatriene reaction. 
a. The Sulphur Dioxide Alkene Reaction. 
The formation and decomposition of episulphones. 
has been shown to be cleanly suprafacial with respect to 
the olefin 12 9 13, (Scheme A). 
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Scheme 1& 
When the frontier molecular orbitals are examined 
however, it is clear that this can only occur via a 
non-linear reaction pathway (Figs. 2 and 3). 
-5-. 
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Fig. 2 The linear approach of sulphur dioxide to an 
alkene 
I 	 . 	. . . VI/) 
C>Z0. V 
I 	 sil l 
LUMO 	 HOMO 	 HOMO 	 LUMO 
Fig. 3 The non-linear approach of sulphur dioxide to 
an alkene 
The opinion that this reaction is concerted though, 
is far from universal and much evidence to the contrary 
is available 1 4 - 2.6. 
An alternative step-wise reaction mechanism has been 
proposed17 based on kinetic studies. However even if 
some form of diradical or dipolar species does exist at 
a point on the reaction coordinate, then dissociation 
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b. The Sulphur Dioxide 1,3-Butadiene Reaction 
The most extensively studied reaction involving 
sulphur dioxide and a (poly)alkene is undoubtedly the 
aulpholene reaction (Scheme 6). i.e. the reaction of 
sulphur dioxide with 1,3-butadiene and its derivatives 
(Scheme 6). 
025O
I 	+ So2 
Scheme 6 
A great deal of the pioneeering work to 
investigate the stereochemical course of this reaction 
can be attributed to Mock. Examination of the relevant 
orbitals of the sulpholene reaction components (Pig. Ii) 
indicates, that the simple linear approach (least 
motion path ) is acceptable to the symmetry demands. All 
that is required for bonding to proceed, is that the 
terminal lobes of the 1,3-butadiene function rotate in a 





the incoming sulphur dioxide. The reaction is formally 





Fig. U. The Linear Approach of Sulphur Dioxide to 
1,3-butadiene 
Experimental observations support the theory that 
the thermal elimination of sulphur dioxide from these 
ring systems is a concerted reaction, suprafacial on the 
diene. 
Mock27 in addition to Lemal and McGregor 8 have 
shown, that the extrusion of sulphur dioxide from 
2,5-disubstituted 3-su].pholenes (5), is 	a cleanly 
suprafacial reaction (Scheme 7) and claim 	a 
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Scheme 7 
Mock19 has also studied the thermal behaviour of 
the saturated analogues 	of 	(5) i.e. 	sulpho].ane 
derivatives (tetx'ahydrothiophene-1, 1-dioxide) • whereby 
thermolysis at elevated temperatures (>5000C) gives 
rise to isomeric mixtures of alkenes. In contrast to 
this, small-ring fused suipholanes e.g. (6) appear to 
10 
eliminate in a concerted fashion at temperatures 
reminiscent of the sulpho].ene reaction (Scheme 8). 
s02 	
ILVC 	
+ SO  
(6) 
Scheme 8 
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a. The Sulphur Dioxide 1,3,5-Hexatriene Reaction 
The third in this series of cheletropic 
reactions involving sulphur dioxide, is the reversible 
addition of SO2 to 1.3,5-hexatriene derivatives to 
form 2,7-dihydrothiepin-1,1-dioxide ring systems (Scheme 
9). 
C + SQ2 	 so 2 
Scheme 9 
When the salient molecular orbitals of hexatriene 
are examined, it is soon evident that for the linear 
path to be allowed, the triene must assume the role of 
an antax'afacial component, and the terminal lobes are 
required to rotate in a conrotaé'p,y mode (Fig. 5a). 
Conversely if the sulphur dioxide adopts a non-linear 
approach then the termini can rotate in a disrotaé'rymode 
(Pig. 5b). 
LUMO 	 LUMO 
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Mock has established, that decomposition of (7) 
proceeds antarafacially with respect to the triene to a 
level of 97%. It follows from this observation that 
sulphur dioxide must adopt a non-linear approach 
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However the reverse reaction (8)-(7) could not be 
effected directly, and the cyclic suiphones for these 
studies were prepared by an indirect route. 	This 
highlights the preference that cheletropic reactions 
display for the linear (least motion) pathway. Another 
example24 * 25 where the the formation of the 1,4- 
adduct occurs to the complete exclusion of the 1,6- 
adduct is the reaction of the cyclic triene (9) with 
sulphur dioxide (Scheme 11). 
- 11 - 
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Similarly the reaction of sulphur dioxide with the 
triene system (12) did not give the product of 16 
addition.(13) but instead gave rise exclusively to the 
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The selection rules governing the ground state 
cheletropic reactions of unsaturated systems with 
sulphur dioxide, have been summarised by Gilchrist and 
Storr9 . 
Linear cheletropic reactions in which the 
(poly)alkene is the suprafacial component (involving 
disrotat'ymotion of the termini where appropriate) are 
symmetry allowed for a total of (4n+2) electrons (where 
n is any integer). 
Linear cheletz'opic reactions in which the 
(poly)alkene is the antarafacial component (involving 
conrotab7motion of the tex'minii where appropriate) are 
symmetry allowed for a total of un electrons. 
The reverse is true for non-linear or excited 
state conditions. 
- 13 - 
2. The Synthetic Utility of Sulphur Dioxide Extrusion 
Reactions 
a. Reactions Employing Cyclic Sulphones as Masked 
Diene Systems 
It was DeExuin26 	 first reported the 
cycloadducts of sulphur dioxide with 1,3-butadienes in 
1914. In the first instance, isoprene (15) was reacted 
with liquid sulphur dioxide at room temperature. A 
colourless crystalline solid (M.P. 	63-614 0C) 	was 
isolated and assigned the structure (16) (Scheme 13). 
H 3 	 s 0 2 	
H3CTs02 
(15) 	 (16) 
Scheme 13 
In general, 	by comparison to butadiene, 
1-substituted 1 3-butadienea are sluggish to this 
reaction. 2-Substituted analogues however experience an 
increase in reactivity. 
A similar difference in reactivity was exploited 
by Nesbitt et a1 27 in developing a aeparatory 
technique for the treatment of an isomeric mixture of 
1,3-dienes. This ingenious method consisted of reacting 
the mixture with sulphur dioxide, whereby the 
trans-isomer (18) formed a crystalline adduct (19) and 
could be separated from the cis-spectator (17). The 
trans-diane was then regenerated in a pure form 
(Scheme ill). 









In addition to this forward reaction, synthetic 
chemists have exploited to treat effect the use of the 
suipholene reaction as a source of 1,3-dienes. Butadiene 
is conveniently stored as 3-suipholene (1) and can be 
regenerated at temperatures above 125 0C. thereby 
avoiding the special precautions required when handling 
this compound in its gaseous form. A good example of 
this is the trapping of benzyne28 to form the 
1,4-dihydronaphthalena (20) (Scheme 15). 
- 15 - 
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- It is not simply the convenience of this 
reaction that makes it attractive to synthetic chemists, 
there also exists the potential to derivatise 
3-sulpholenes at the 2 (5) position. It is the acidity 
of the protons at the 04 position to the sulphone, that 
confers on these systems the potential to undergo base-
promoted modifications. For example, 	(1) can be 
transformed into the tetradeuterio sui.phone (21) and 
provide a useful means of labelling six-membered rings 
by the subsequent rection of its extrusion product 29 
(Scheme 16). 
- 16 - 
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(21) 
Scheme 16 
Alkylated derivatives (22) may be prepared 
similarly. Recently. Chinese workers 30 have optimised 
the reaction to alkylate at the 2(5) position of (1). 
This method involves treating a stirred solution of a 
suitable alkyl iodide and (1) in DMF with sodium 
hydride. Deprotonation in the absence of the alkylating 
agent only results in ring-opened products. 	The 
base-induced migration to 2-aulpholene derivatives (23) 
although minimised was still unavoidable however (Scheme 
17). 
NaH 
02 	±RI 	DMF 	 02 
	+O 2S 
(1) 	 R 
(22) 	 (23) 
Scheme 17 
A further utilisation of the sulpholene 
reaction, is to invoke the thermal extrusion of sulphur 
dioxide at a strategic point in a reaction sequence. 
There are a number of advantages inherent in this 
approach. Firstly the acidity of the alpha protons may 
17 
be exploited to effect desirable alkylations, 	as 
outlined above. Also by this method, the diene is 
protected from the effects of remote reactions required 
to transform other functional groups. Moreover, handling 
a diene in this manner bestows a thermal stability on 
the system until a timely unmasking. 
For example, Martin at a1 31 used this 
tactic as the key step in a long synthesis of the 
naturally-occuring alkaloid aspidospermine (24). The 
1,3-diene was unmasked at the desired point to undergo 
an intramolecular Diels-Alder reaction (Scheme 18). 
0 
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The same synthetic strategy was elaborated by 
Schmitthenfler at a132 They combined the extrusion 
of sulphur dioxide, 	together with the thermal 
elimination of acetic acid from (26) to reveal 
simultaneously both components of the subsequent 
intramolecular cycloaddition (Scheme 19). The target 
compound in this synthesis was the elaeocarPUa 
alkaloid elaeocanine A (27). 
TMS-O 
J*15 Th NH 
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The use of 3-methyl-3-SUlPhOlefle (16) as a 
masked form of isoprene has been shown33 to be a 
useful technique for the preparation of some naturally 
occuring terpenoids. Once more it is the reactivity of 
the 2 (5) position that is exploited to furnish the 
desired precursors and the stereospecificity of the 
concerted extrusion ensures that only the naturally 
occuring isomers result (Scheme 20). 










1 50 °c 
(31 ) 	 (33) 
Scheme 20 
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The alkylating agents, prenyl bromide (28) and 
geranyl bromide (29), afford the cyclic sulphones (30) 
and (31) that break down to the natural products, 
trans- )3-ocimene (32) and cL-farneaene (33). under the 
conditions of preparative gas chromatography. 
In a similar fashion Bloch and Abecasais 4 
transformed the fused cyclic sulphone (34), by iterative 
a].kylations, into the substituted sulphone (35). In this 
route to some moth pheremones, the naturally occuz'ing 
E,E-1,3-diene function is produced from the combined 
sulphur dioxide extrusion and retro Diels-Alder reaction 
as a consequence of (35) being the exclusively exo-
product (Scheme 21). 
H 
M 	HM : (Iso2 H 	 R1 
(34) 	 (35) 
I 
R 
± S 0 2 -F  
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R-Et 	R ' =(CR2 )8OAa 
Scheme 21 
22. 
Williams and L.in35 reported a synthetic route 
for the preparation of 10-hydroxYeraniOl (40). In the 
natural state (110) possesses a trans.trana-hexa1.5 
dierte moiety and this route involved an extrusion of 
sulphur dioxide that was followed by Cope rearrangement 
of the initial diene (38) and finally the rearranged 
product (39) was reduced to (110) (scheme 22). 
o 	Me  
Me 
+ 	hv 0 2 	 'TIIII:::•o ~a 
Me Me 
0 
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Me 
Me 	 Me 
(39) 	 (1o) 
Scheme 22 
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10-Hydroxygeranjo 	does indeed possess a 
trans,trans-hexa-1,5-djene function as verified by 
a number of workers 68. However the claim that this 
should be the result of the reaction sequence as shown 
in Scheme 22, must be seriously challenged. 
Work in these laboratorie8 39 ha'S. shown that 
meeo-derjvatIves of the type (113) Cope rearrange via 
a chair-like transition state (vide infra) 	to 
result in 1.5-dienes (44) that poassess cis,trang 







- 	 ( 113) 
XCO2Me 
Scheme 23 
This experimental evidence, which is also at 
variance with the work of Williams and L1n 35 is 
substantiated by the work of othera*0,41 and also by 
the observation that the trans-epjmer of 	(112) 
- 23 - 
(x=CO2Me) reacts under identical conditions to afford 
the trans,trans-diene as the major isomer 39 . 
b. 	Preparation 	of 	Aromatic 	Cyclobutenes, 
o-Quinodimethanes and Cyclophanes via the Loss of 
Sulphur Dioxide from Cyclic Sulphortes 
The extrusion of sulphur dioxide 	from 
dihydrobenzo(c)thiophene-1.1-dioxide systems (45) has 
been shown to be a successful route for the preparation 









Interest in these systems is due to their innate 
ability to equilibrate to a mixture containing the 
o-quinodimethane structure (48) (Scheme 25). 
R 
/ 
WR 	 mR 
(118) 
Scheme 25 
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These compounds are important from a synthetic 
point of view, 1 as they can be exploited to effect 




Oppoizer and Roberts 42 used this strategy in 
the preparation of (+)estradiol (50). The key step in 
this sequence is the trapping of the o-quinodimethane, 
that was unmasked by the thermal elimination of sulphur 
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,c 5!' - 
(49) 	 (50) 
Scheme 27 
An almost identical strategy was adopted by 
Nicolaou et a143 in independent work directed 
towards the total synthesis of estra-1,35(10)-
triene-17-one (51) (Scheme 28). 





The formation of benzocyclobutenes by the 
thermal extrusion of sulphur dioxide has been extended 
to Include the preparation of a number of aromatic 
cyclobutenes, For example the two (4.6.4]fused systems 
(-52) 44  and (53)45  as well as the (6.6.4] fused 







(54) 	 (55) 
In the majority of these examples the 
elimination of sulphur dioxide was conducted in the gas 
phase. The reasons for this will be discussed in a later 
section, however very often FVP is the only technique 
that succeeds when other, more traditional methods of 
- 26 - 
pyrolysis give poor results. 	For example, 	the 
elimination of sulphur dioxide from the disuiphone (56) 
(Scheme 29) to the [2.2](4.4)biphen3plophane 	
(57)47 
was achieved in the vapour phase with a yield of 47% and 
contrasted with similar approaches made in the condensed 
phase48 . These and similar transformations are 
reviewed by Vogtl.e and Neumann 49 . 
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3. Cope Rearrangement 
One of the most distinctive features of the 
1,5 -diane function is its ability to undergo a Cope 
rearrangement. First identified in 19110, it 	is 
formally defined by Woodward and Hoffman11 as a (3,3] 
aigmatropic rearrangement. i.e. the sigma bond is 
finally identified as having moved 3 positions along 
both sides of the conjugated system (Scheme 30) via 
some form of cyclic transition state. 
o 
(614) 	 (611) 
Scheme 30 
As depicted in Scheme 30 the Cope rearrangement 
can be envisaged as proceeding by a transition state 
comprising of two allyl systems. The reaction in Scheme 
30 is, of course, degenerate but the stex'eochemical 
outcome of substituted derivatives is highly dependent 
on the geometry and conformation of the transition 
state. This in turn is dependent on whether the 
interacting lobes of these allyl species are on the same 
side of the system (suprafacial interaction), or on 
opposite sides (antarafacial). If the former, then two 
simple conformations are possible50 ' 51 , that is the 
11-centred chair-like transition state or the 6-centred 
boat-like transition state (Scheme 31). 
- 28 - 
Chair-like transition state (4-centred) 
_ 
Boat-like transition state (6-centred) 
Scheme 31 
Calculations by Doering and Roth 52 have 
deduced that the chair-like transition state is favoured 
by about 25 kJ mole -1 over the boat-like structure. 
Another approach to the explanation of the relative 
stabilities of these transition states, is to consider 
the frontier molecular orbitals of two interacting allyl 
radicals. In this semi-empirical treatment the allyl 
radicals interact in both a chair and boat fashion 
(Figs. 6 a and b ). 








The initial considerations of the singly 
occupied molecular orbitals (SOMO) show that there is no 
discernable energy difference between the two 
structures. This is a consequence of the fact that no 
electron density exists on the central carbons 
i.a.there is a node at these positions. However when 
the molecular orbitals of the next highest occupied and 
next lowest unoccupied (NHO, NLtI) energy levels are 
visualised as the interacting fragments, then it is 
possible to discern a distinct advantage for the 
chair-like structure (Fig. 7). 
N L  - 
I,
NHQ 
Fi g. 7 
If we allow the frontier molecular orbital 
approach even greater latitude, then it is possible to 
account for the favourability of the chair structure by 
another method. In this treatment the rearrangement is 
considered as a special-case cycloaddition. One of the 
double bonds is combined with the single bond to form a 
4-electron "conjugated" component, and the other double 
bond interacts as the 2-electron component. As 
represented in Fig.8, the 4-electron fragment is likened 
to butadiene in that the HOMO depicted has a single 
node, and this combines with the LUMO of the alkene in 
the modified cycloaddition. 
HOMO 
Fig. 8 
Once again, antibonding interi iction exists 
between the two termini and this is minimised by 
adopting the chair conformation. 
These theoretical treatments have been tested by 
experimental investigation and one of the most elegant 
and comprehensive studies was carried out by Roth and 
Doering53 . Their investigation centred on the thermal 
behaviour of the zacemic and meso forms of 
MO 
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Racemic (66) (69) 
ru.. 
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If the isomerleation proceeded via chair 
transition states then it is clear that the predicted 
products would be all trans and all cis from 
racemic-(66). Conversely, if it were the boat form 
that predominated then the reverse of the above would be 
predicted (Scheme 33). 
CH3 














Cis. Trans (70) 
Scheme 33 
The experimental observation was that the 
rearrangement of meso-(67) gave 	99.7% 	of 
cis,trang-oota-2,6-diene (70) which eliminates the 
possibility of the isomerisation occuring by the boat 
transition state. The racemic form behaved accordingly 
and gave rise to a mixture of trans,trans- and 















a level of 90%, which also serves to illustrate the 
preference for an all-equatorial conformation. 
An equally elegant demonstration was performed 
by Hifl and Glllman54 who showed that the optically 
active hepta-1,5-diefle (71) rearranged to the dienea 
(72) and (73) at 250 0C, thus confirming that the 
rearrangement proceeded by the 11-centred chair 





In this example, not only does the maintenance 
of chirality lend support to the argument that the Cope 
rearrangement is a concerted process, but also the 
formation of these two products is a unique and 
convincing exposition of the preference for a chair-like 
transition state. 
KE 
However not all chemists accept the premise that 
the rearrangement is a concerted process. It could be 
that the reaction involves the intermediacy of a 
diradicalOid (Scheme 35). 
(6k) 
L1 C'1-  (64) 
Scheme 35 
This idea was first proposed by Doering 55 and 
the work of Dewar 6 as well as Kirmse 57 has lent 
support to this view. 
I 
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IL. Cope Rearrangement of Divinwl Cycloalkanes 
The general rearrangement as shown in Scheme 36 
is highly desirable from a synthetic point of view. In 
addition to effecting a 4-carbon ring expansion, it also 







The ease of the rearrangement is greatly 
dependent on the value of n. In the case of cis-
divinyl cyclopropene (711) (n=1) the isomerisation to the 
cycloheptadiene 	is so facile, that early attempts 
to isolate (74) were unaucceesful 8 ' 59 , although it 








It is interesting to note, that the dimethy]. 
analogue (76) did not display any tendency to expand and 
only cis to trans isomerisation was observedól. 
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(76) 
The homologue of (74), viz cia-12-divinyl- 
cyclobutane (77, n=2) does display similar thermal 
properties, although the rearrangement to cyclooctadiene 
(78) 	while 	still 	facile, 	is 	slightly 	more 
sluggish6264 . 
	
E1:: 	120°C 	 0 
(77) 	 (78) 
Scheme 38 
The higher temperature required to promote the 
ring expansion has been attributed to the lesser degree 
of strain experienced in cyclobutanea 65 . A retardation 
to Cope rearrangement, similar to that displayed by (76), 
was once again observed for derivatives of 	(77) 
substituted at the vinyl termini. 
In sharp contrast to the behaviour of small-ring 
compounds, medium-sized rings (n-3,I4) 	show 	little 
tendency to isomeriae to large-ring systems. For example 
Vogel at al 66 reported that an equlibrium mixture 
of cis,cis-cyclonona-1,5-djane (79) 	and 	cis- 
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1,2-divinylcyclopentafle (80) strongly 	favoured 	the 
medium-sized ring even at 220 0C (Scheme 39). 






Indeed when more transannu].ar interaction is 
introduced to a system e.g. cis,trans-cyclonOfla-
1,5-d1erte (81) then the rearrangement 	to 	the 
cyclopentane (80) is complete67 at 130 0C 	(Scheme 
I&o). 






At temperatures in excess of 300 0C (80) 
undergoes epimerisation to the trans-isomer 86 . 
Similarly. divinylcycloheXanea (n"A) display a 
preference for the status of a medium-sized ring. For 
example cia, trans-i, 5-cyclodecadiene (83) rearranges 
quantitatively at 1500C to the divinylcyclohexafle 
system (84) 67 (Scheme £11). 
- 38 - 
0 
	






The all-trans-isomer (85) shows an even easier 
transformation68 to the trans-divinylcyclohexafle 
system (86), the isomerisation occuring at 70°C 
(Scheme 42). 





In both these examples the Cope rearrangement 
must have occurred via a chair transition state to 
account for the observed stereochemistry. 	These 
equilibria have been used69 9 70 as a means 
	of 
structural assignment in natural-product chemistry. For 
example the rearrangement of germacrone (87) to 18- 
elemenone (88) was used to assign the position of the 
endocyclic double bonds in (87) 71  (Scheme 143). 








In eight-membered rings the relative stabilities 
of the ring systems are reversed72 . Two examples of 
these isomerisationa serve to illustrate this point. 
trans-5,6-Divinyl-cis-CyCl000tefle (89) will Cope 
rearrange to the twelve-membered ring (90) possessing a 
cia, trang. trans-arrangement of unsaturation. 	The 
cis-divinyl analogue (91) 	gives rise to the 
cis,cis,trans-cyclododeca-1, 5,9-triene (92) 
(Scheme 41). 
tI1IIIIIIIIirIIII 	r.. 2000c 	 IIIIIIII1 
(89) 	 (90) 
IIIIIIIIIiiIIIIIi 	2000C 	 tiIIIiIIIIJ 
(91) 	 (92) 
Scheme 44 
- LtO - 
In both of the above examples the retro 
rearrangement was observed at temperatures in excess of 
200°C. 
It appears from these investigations, that an 
important factor in determining the feasability of a 
Cope expansion, is whether an internal diene system can 
be accommodated in the product. When the transannulax' 
interactions are reduced, then it is evident that the 
desired expansion is free to proceed. Therefore, one 
strategy to overcome this unfortunate barrier might be 
to eliminate part of the internal diene by further 
iaomerisation. Similarly it might be possible to 
outweigh the unfavourable ring strain, experienced by 
the nine and ten-membered cyclodienes, by introducing 
some group that could enter into conjugation with part 
of the cyclodiene. Thus introduction of an electron-
withdrawing group to the divinyl compound, 	could 
transform the ring expansion into a more compelling 
prospect. 
For example, the presence of a hydroxy group at 
position 3 of a 1,5 -diene function (93) means that the 
result of a Cope rearrangement will be an enol species 
(94). Tautomerisation to the thermodynamically more 
favourable carbonyl compound (95) results in the (3,3] 
sigmatropic rearrangement being an irreversible process 
(Scheme I5). 
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It was Berson73 that first introduced this 
isomerisation and the name "Oxy-Cope Rearrangement" was 
coined. However in Berson's useage, the name Oxy-Cope 
was more of a blanket term to cover both the (3,3] 
sigmatropic (double inversion) and the (1.3) sigmatropic 
(single inversion) rearrangements. Both processes have 
been exploited to effect ring expansion8 711 , 	(Schemes 
46 and 117 respectively). 
OH 
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Berson74 argued the case for a step-wise 
reaction involving a diradical intermediate. The use of 
the (1,3) rearrangement to effect a two—carbon ring 
expansion has been improved by reaction of the silylated 
form. e. z. (96) to (97). This has been termed the 
"siloxy Cope" variation75 , and has been shown to give 
ring-expanded products in yields of 70% (Scheme 48) that 
were hydrolysed to the carbonyl form. 
OOR 
	 OR 





Ring expansions employing the (3,3)rearrangement 
have been achieved by Whalley and Marve11 6 . They 
report that the isomerisation of trans-divinylhydroxy-
cyclohexane (99) affords the trans-5-cyclodecen-1-one 
(101) via the enol species (100) (Scheme 119). 
OH 	 OH 
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The corresponding reaction of the cis-divinyl 
form (102) gave an isomeric mixture of the trans (103) 
and cis (iOL&) forms of 5-cyclodecen-1-one in a ratio 
of 6:4 (Scheme 50). 







A further modification of this reaction. involves 
formation of the metal a].koxide. Evans and Golob 77 
have witnessed significant rate increases by following 
this method. In this process rearrangement to the metal 
eno].ate is followed by hydrolysis to the carbonyl 
compound. For example, the hydx'oxy-vinyl substituted 
ring system (105), was treated with a metal hydride and 










in essentially quantitative yield. The metal enolate (106) 
could also be trapped as a mixture of the silyl enol 












Significantly, the epimer of (105). (110) did 
not ring expand by this method even after heating for 24 
hours (Scheme 52). 
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The presence of two hydroxy. groups does not 
contribute to the 14-carbon ring expansion, as might be 
the prima-facia assessment. Instead the 
dihydroxydivinylcyclohexane (111) undergoes an 
intramolecular "aldol-like" reaction to give the 







This aldol-type reaction . was shown80 to be 
peculiar to the medium-sized rings, as in the case of 
the eight-membered ring analogue (113). 	the Cope 
expansion proceeded smoothly to give the twelve-membered 
ring dione (1114) (Scheme 514). 
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The strategy of positioning an electron-
withdrawing group at carbon three of a 1,5-diene to 
promote the Cope rearrangement, was adopted by 
Heimgartner et al. In this example, the starting 
unsaturated ester was involved in a 1.4-addition with 
viny], magnesium chloride, to give the vinyl-substituted 
product (116). Reaction with phenyl vinyl sulphoxide 
resulted in (117), that was thermolysed to the divinyl 
system (118). Cope rearrangement of (118) to (119) was 
observed when the ring sizes were 9, 12 and 15. However 
the substituted cyc].ohexane system was found to be inert 
to the expansion (Scheme 55). 
- 47 - 
0 
5,..CO2R 	Cul Mgcl. 
	JL
CD:: 
 RCO2  









II CO2R 	II 
Ph 
(n7) 










Symbols and Abbreviations 
Instrumentation and General Techniques 
Preparation and Derivatisation of 3-Thiabicyclo-
13.2. O]heptane-3, 3-dioxide-6. 7-dicarboxylic 
Acid Anhydride 









 Preparation of diacid; X=CO2li 
 Preparation of diester; X=CO2Me 
L. Preparation of diol; X=CH20H 













- 49 - 
Page No. 
yX 
Preparation of diester; 	X=CO2Me 
Preparation of diol; 	 X=CH20H 
iO.Preparation of ditosylate; X=CH2OTa 
11.Preparation of 
\ ,E 
E=CO2Et 	 I 	)C 
LJ'E 
12.FVP of 
E=CO2 Et 	 O2S JIcx: 
13.Preparation of 
E=CO2Me 	 CE:tE 
14.Preparation of 
0 2 









16.Preparation of diester; 
	
R-'CH3 	 72 









- 50 - 
Page No. 
CH3 





D. Reactions Towards the Preparation of 
3-Thiabicyclo [3.2.0] hept-6-ene-3. 3-dioxide 
Ring Systems 
C1  





 Preparation of diacid; X=CO21f 
 Preparation of diester; X=CO2Me 
 Alternative preparation of diester; X=CO2Me 
Preparation of diester; 	X=CO2Et 
Preparation of 
E=CO2j4e 	 02SJ1( 
Treatment of 
E-CO2 Et 









- 51 - 
Page No. 
Preparation of 	 CO2H 
0 2 S 	I 
CL 
Preparation of 





E=CO2Me 	 02 sclIr 
E 
12.Preparation of 















E. 	 88 
E=CO2Me 




























E. Preparation and Reactions of 6,7-Dimethylene-







3. Preparation of 	 E 	 93 
E=CO2Et 	 02SCEIaE 
- 53 - 
Page No. 











E=CO2Me 	 02 sa:cr  
0 
II 
7 Preparation of 
H 
0 0 
Preparation of 	 II 
02 	 1 ODCO 
0 
Preparation of 










- 54 - 


















E 17.Preparation of  cc 
E=CO2Me 
F. Reactions Towards the Preparation of 



















- 55 - 
Page No. 
Lj. Preparation of O2Scfl) O 106 





- 56 - 
A. Symbols and Abbreviations 
M.P. melting point 
b.p. boiling point 
FVP flash vacuum pyrolysis 
t.l.c. thin layer chromatography 
GC gas liquid chromatography 
r.t. retention time 
n.m. r. nuclear magnetic resonance 
5 chemical shift 
a,d,t,q singlet, doublet, triplet, quartet 
be broad singlet 
M multiplet 
3 coupling constant 
i.r. infra red 
V wavenumber 
MS mass spectroscopy 
m/z mass to charge ratio 
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B. Instrumentation and General Techniques 
1. N.M.R. Spectrosco 
1.H-n.m. r. 
80 MHz 1H_ n.m.r. spectra were recorded by Mr. 
L.H.Bell on a Bruker WP80 spectrometer and, unless 
otherwise stated, the reported spectral data corresponds 
to these recordings. Higher field 1H- n.m.r. were 
obtained on a Bruker WP200 spectrometer operated by Mr. 
3.R.A.Mil.lar, or on a Bruker WH360 spectrometer operated 
by either Dr. D.Reed or Dr.I.Sadler. 
Chemical shifts are reported in parts per million 
from tetz'amethylsilane. 
C-n.m.r. 
All spectra were obtained by Mr.J.R.A.Mi]lar on a 
Bruker WP200 spectrometer operating at 50.3 MHz. 
Chemical shifts are reported in parts per million from 
tetramethylsilane. 
2. Infrared Spectrosco 
Spectra were recorded on a 
spectrometer. Liquids were examined 
solids as nujol mulls, both on sodii 
Solution spectra were recorded in 
using matched sodium chloride cells 
MM. Calibration was achieved by 
polystyrene peak at 1603 cm. 
Perkin Elmer 781 
as thin films and 
m chloride plates. 
the solvent stated 
of path length 0.1 
reference to the 
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3. Mass Spectrosco 
Mass spectra were recorded on an A.E.I. MS -902 
instrument operated by Mr. D. 3.A.Thomas, Ms. K. Stevenson 
and Mr. A. Thomson. Accurate mass measurements were 
obtained on a Kratoa MS-50 TC spectrometer operated by 
Mr. A.Thomson. 
11. Elemental Analysis 
Microanalyses for carbon, hydrogen and nitrogen were 
carried out by Mr. .7.Grunbaum using a Perkin Elmer 2110 
elemental analyser and latterly by Ma.E.McDougal on a 
Carlo Erba elemental analyser model 1106. 
Melting Points 
Melting points were determined on a Reichert hot 
stage microscope and are uncorrected. 
Gas Liquid Chromatography 
GC was performed on a Pye series 2011 chromatograph 
fitted with a flame ionisation detector and employing 
nitrogen as carrier gas. The stationary phase was 
supported on chromosorb W (80-100 mesh) in a 1.5 m X 11.5 
mm column. 
Column Chromatograph 
The silica used was Merck grade 60 (230 -1100 'mesh). 
The technique employed was that of flash chromatography 
whereby a pressure of 10-15 p.s.i. was applied to aid 
the rate of elution. 
59 
Thin Layer Chromatography 
For analytical 	purposes. 	Merck kieselgeLl. 	60 
containing 0.5% Woelm fluorescent indicator was used 
coated on to glass plates to a depth of 0.3 mm. The 
components were identified by u.v. light or by their 
interaction with iodine vapour. For preparitive work the 
same silica was used coated on to glass plates to a 
depth of 1 mm. 
Photochemical Reactions 
The light source was a water cooled medium pressure 
mercury lamp supplied by Applied Photophysics of London. 
Photochemical reactions were performed by introducing 
the lamp of required power into a quartz well in the 
reaction tube. 
Drying and Purification of Solvents 
Benzene, toluene and diethyl ether were dried by 
the addition of sodium wire to the analytical grade 
reagent. Tetrahydrofurark was dried by heating the 
solvent at ref lux with calcium hydride and then 
distilling on to molecular sieves. Other commercially 
available solvents were used without further 
purification. 
Drying and Evaporation of Solvents 
Organic solutions were dried by standing over 
magnesium sulphate, and were evaporated under reduced 
pressure using a rotary evaporator. 
12. Flash Vacuum Pyrolysis 
FURNACE 	TR4 
I 
INLET 	 iW-- 




The apparatus depicted in Fig. 9 was evacuated by 
the use of an Edwards high capacity 	rotary oil 	pump. 
Samples (liquid or 	solid) were 	volattlised from 	the 
inlet tube by intoducing a Buchi kugelrahr oven. The hot 
zone was heated to the reported temperature by a Stanton 
Redoroft furnace 1248 100 which was wired to a Pt/Pt 139 
Rh thermocouple situated in the centre of the furnace. 
On completion of the pyrolysis experiment, the 
system was flooded with dry nitrogen gas and the 
pyrolysate was isolated by either rinsing out the trap 
with an organic solvent or by direct distillation into 
a suitable receiver. The reported data refers to optimum 
conditions and before the sample was volatolised. 
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C. Preparation and Derivatisation of 3-Thiabicyclo - 
[3.2.0]heptane_3.3-diOxide-6,7-dicarbOxWlic Acid 
Anhydride 	 - 
Preparation of 3-Thiabicyclo[3. 2. 0]heptane-3, 3-
dioxide-6,7-dicarboxylic Acid Anhydride 
The title compound was prepared by the method of 
Shaikhrazieva et al 83 A solution of butadiene 
suiphone (30 g, 0.25 mol) and maleic anhydride(30 g, 0.3 
mol) in acetone (600 ml ) was irradiated through quartz 
at 400 W for 24 h. The resulting crystalline solid was 
filtered off and washed with cold acetone to give 
3-Thiabicwclo[3. 2. 0]heptane-3, 3-dioxide-6. 7-dicar-
boxylic acid anhydride as a colourless crystalline 
solid (37.29 g, 68%), m.p. 292-2930C 	(lit. 83 , 
292-2930C). 
Preparation of 3-Thiabicyclo(3. 2. 0]heptana-
3, 3-dioxide-6, 7-dicarboxylic Acid 
3-Thiabicyclo[3. 2. 0]heptane-3, 3-dioxide-6, 7-dicar-
boxylic acid anhydride ( 5 g, 0.023 mol) was dissolved in 
water ( 50 ml ) by boiling for Ca. 5 mm. The water was 
removed in vacuo and gave rise to a colourless solid 
that was dried under vacuum to give 3-Thiabicyclo--
F3.2. Olheptane-3. 3-dioxide-6,7-dicarboxylic acid (5.09 g, 
94%), m.p. 191-1920C (lit. 83, 194-50C) 
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Preparation of Dimethy]. 3-Thiabicyclo[3.2.0]- 
heptane-3, 3-dioxide-6, 7-dicarboxylate 
3-Thiabicyclo[3. 2. 0]heptane-3. 3-djoxide-6, 7-
dicarboxylic acid anhydride (20.91 g, 0.096 inol) was 
dissolved with heating in methanol (200 ml) containing a 
few drops of concentrated guphurie acid . The reaction 
mixture was heated at ref lux for 15 h and then allowed 
to cool. After seeding and further cooling in an ice 
bath colourless crystals formed that were filtered off 
and recryatallised from methanol to 	give 	Dimethyl 
3_thiabicyclo(3.2.0.]heptane-3.3-diOXide-6,7 - dicar- 
boxylate 	(24.1 z. 95%). m.p 126-1280C 	(lit. 3 
126-127°C) 
Preparation of 6.7-Dihydroxymethyl-3-thiabicyclo - 
[3.2. 0]heptane-3, 3-dioxide 
Lithium aluminium hydride (10 g, 26.4 mmol) was 
suspended in dry tetrahydrofuran (500 ml) and stirred at 
0°C. To this dimethyl 3-thiabicyolo[3.2.0]heptafle -
3,3-dioxide-6,7-dicax'bOXYl&te (24 g, 0.092 mol ) was 
added, in portions, over a period of 30 mm. The 
reaction mixture was heated at ref lux for a 1 h. The 
mixture was allowed to cool to room temperature and the 
excess lithium aluminium hydride was destroyed by the 
cautious addition of wet tetrahydrofuran (10 ml water, 
100 ml THF ), followed by 15% NaOH (15 ml) and finally 
water (50 ml). The inorganic salts were then filtered 
off and the wet tetrahydrofuran was removed in vaauo 
to give a brown oil that crystallised on standing. The 
solid was recrystallised from tetrahydrofuran to give 
6, 7-dihydroxymethyl-3-thiabicyClO(3. 2. 0]heptane-3, 3-
dioxide as a. colourless crystalline solid (12.3 g, 
66%), m.p 97-98 0C 	(lit. 3 , 	98-1000C). 
5(a) preparation of 6,7-Bis(p-toluenesulphonyloxy-
methyl)_3_thiabicyclo[3.2.0]hePtafle-3,3dioxide 
6, 7_Dihydroxymethyl-3-thiabicVClO[3. 2. 0]heptane -
3,3-dioxide ( 6.0 g, 0.029 mol) in pyridine (100'ml) was 
added to a solution of p-toluenesulphonyl chloride (30 
g, 0.17 mol) in pyridine C 150 in].) at 0°C. The 
reaction was stirred at 0°C for 3 h. The mixture was 
then poured into water (100 ml) to precipitate a 
colourless solid that was filtered off and washed with 
water. The solid was recrystallised from ethanol to give 
6, 7-Bia ( p-toluenesu].phonyloxymethyl ) -3-thiabicyclo-
(3.2.0]heptane -3,3-dioxide (3.03 	to 	22%) 	as 	a 
colourless cryystalline solid, m.p 127-1290C (lit. 3 , 
127-1280C). The pyridine and water mixture was 
extracted with dichloromethane (4 x 50 ml). The organic 
phases were combined, dried and reduced in vacuo to 
a green solid that was recrystallised from methanol 
to give 4_oxa_9_thjatricyclo[5.3.0.026]deCane_9,9_ 
dioxide (1.7 g, 31.5 %) as a colourless crystalline 
solid in.p.129-131 0C (lit. j,  129-1300C). 
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5(b) Preparation of 6, 7-Bis(p-toluenesUlPhOnYlOX'--
metrwl)-3-thiabicyclo[3. 2. 0]heptane-3, 3-dioxide 
p-Toluenesulphonyl chloride (58.3 g, 0.305 mo].) was 
dissolved in pyridine (250 ml) and stirred at -100C 
(salt and ice bath). To this 6,7-dihydroxymethyl -
3-thiabicyclo[3.2.0]hePtane-3,3-diOXide 	(10.5 
0.051 mci) in pyridine (75 ml) was added, dropwise over 
a period of 45 mm, maintaining the temperature at 
-100C throughout the addition. The reaction mixture 
was stirred at -10 10C for a further 2 h. The mixture 
was then poured into water (500 ml) and neutralised by 
the addition of concentrated hydrochloric acid. After 
cooling in an ice bath a colourless solid cryatallised 
that was filtered off and recrystallised from ethanol to 
give 	6, 7_Bis(ptolueneaulphonYlOXWmethYl)-3thiabicY 
clo(3. 2. Olheptane-3. 3-dioxide 	as 	a colourless 
crystalline solid (23.28 g, 89%). m.p. 127-128 0C 
(11t. 3 , 127-1280C). 
6. 	Preparation 	of 	Diethyl 	1&-Thiatricyclo- 
(5.3.0.02 , )decane....lj, LI-dioxide-9. 9-dicar-
boxylata 
Sodium metal (200 mg, 8.7 mmol) was dissolved in 
ethanol (100 ml) and to this, diethyl malonate (624 mg, 
3.9 mmol) was added and stirred under nitrogen at room 
temperature for 30 mm. 6,7-bis(p-toluenesulphonvlOXy-
methyl-3-thiabicyclo[3.2.0]hePtafle-3,3-diOXide (2 g, 3.9 
mmol) in ethanol (50 ml) was added and the solution was 
heated at ref lux for 18 h. After cooling, the mixture 
was filtered and the filtrate was reduced in vacuo 
The residue was dissolved in dilute hydrochloric acid 
(50 ml) and extracted with dich].oromethafle (LI X 50 ml). 
The organic phases were combined, dried and reduced in 
vacuo to a solid that was chromatographed over silica 
gel 	(eluant: 	diethyl 	ether) 	to give 	diethyl 
£I-thiatricyclo(5. 3. O.O26.]decane_L&, I&-dioxide-9. 9-di--
carboxylate as a colourless crystalline solid 
(103 mg, 8%) m.p. 71-730C (found: C. 54.33; H. 6.77. 
C15H22S06 requires C. 54.53; H. 6.719); umax  
1730, 1305, 1250 and 1135 cm; 6H (CDC1 3 ) 4.25 
(hR. q, 3 7.15 Hz), 3.25-2.64 (8H, m), 2.50-2.26 (L&H, 
m), 1.28(6H. m. 6 lines); & (CDC1 3 ) 172.00. 171.34, 
63.21, 61.65, 61. 61, 55.24 43.22, 40.04, 36.48, 13.94 
and 13.90; m/z 330(M),266, 285. 212 and 192 (base). 
7. 	Preparation of Hexa-1.5-diene-3,4-dicarboxy].ic 
Acid Anhydride 
FVP of 3-thiabicyclo[3. 2. 0]heptane-3, 3-dioxide-6, 7-
dicax'boxylic acid anhydride (968 mg, 4.48 mmol, 630 0C, 
9x10 3 mmHg, inlet 220 0C) gave a yellow liquid that 
was collected from the trap and distilled by kugelrohr 
(80-850C at 0.2 mmHg) 	to give hexa-1.5-diene- 
3,4-dicarboxylic acid anhydride as a clear yellow liquid 
( 511 mg, 769) (lit. 3 b.p. 650C at 9 mm z) vmax  
3045, 2950, 1865, 1780. 1640 and 1420 	cm -1 
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&H(CDC13) 5.95-5.26 (6H. m), 3.94 (21!. dd. .1 3.3 and 
2.8 Hz); 
Preparation of Dimethl Hexa-15-diene-3,4-dicar- 
box'l ate 
lfexa-1,5-diene-3,4-dicarboxylic acid anhydride (78 
g, 0.05 uunol)was dissolved in methanol. (50 ml). A few 
drops of concentrated sulphuric acid were added and the 
solution was heated at ref lux for 12 h. The methanol was 
removed in vacuo and gave rise to a brown oil that 
crystallised on standing. Recrystallisation from hexane, 
after treatment with charcoal., gave dimethyl 
hexa-1,5-diena-3.4-dicarboxvlate as 	a 	colourless 
crystalline solid ( 5.0 g, 50%), m.p. 35-37 0C (lit.'. 
36-370C); &1!(CDC13) 6.01-5.86 (21!. m) 5.34-5.01 
(41!, m), 3.61 (61!, s) and 3.40 (21!, dd. .7 5.9 and 2.3 
Hz). 
Preparation of 3,4-Dihydroxymethylhexa-1,5-diene 
Lithium aluminium hydride (11.2 g, 0.11 mol) was 
suspended in tetrahydrofuran (100 ml). under nitrogen, 
and 	cooled 	to 	00C. 	A 	solution 	of 
hexa-1,5-diene-6,7-dicarboxylic acid anhydride (5.6 g, 
36.84 mmol) in tetrahydrofuran was added dx'opwise over 
30 mm. The reaction mixture was then heated at reflux 
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for 3 h. After cooling to room temperature the excess 
lithium aluminium hydride was destroyed by the addition 
of wet 	tetrahydrofuran 	(5 	ml. - water, 	45 	ml. 
tetx'ahydrofuran), sodium hydroxide (15% sq., 20 ml.) and 
finally water (50 ml.) The inorganic salts were filtered 
off and the filtrate was reduced in vacuo to give an 
oil that distilled at 105-110 °C at 0.1 MM g- to give 
3,4-dihydroxymethylh.exa-1,5-diefle 	as a colourless 
liquid ( 4.16 g, 80%) (lit. 3 ,b.p. 100 0C at 0.8 MM 9) 
''max 3320. 16110, 1420. 1110 and 920 cm -1 ; S 
(CDC1 3 ) 5.74-5.20 (2H. in). 	5.10-4.75 (LU!. rn), 3.82 
(2H, be, exch), 3.60-3.08 (LU!, in), 2.30-1.85 (2!!, in). 
10. Preparation of 3, A-Bis(p-toluenesulphorWlOxymethYl) 
Haxa-t, 5-diane 
3,4_DihydroxymethylheXa-1,5 -diefle (1.5 g, 10.5 mmol) 
in pyridine (20 ml) was added slowly to a solution 'of 
p-toluenesulphonyl chloride (7.6 S. 40 nunol) in pyridine 
(50 ml) at 0°C. The reaction was stirred for a further 
2 h and then allowed to warm to room temperature. On 
addition of water (150 ml), a colourless precipitate 
resulted that was filtered off and washed with ethanol 
(20 ml) and ether (50 ml) to give 3,4-bis(p-toluefleSUl-
phonyloxymethyl)hexa-1 5-diane 	as 	a 	colourless 
crystalline solid (3.68 g, 789), m.p. 	151-1520C 
(lit. 3 , m.p. 151 -1520C); Umax 1600, 1360, 1180, 
940, 840 and 665 cm-1 ; S (CDC13) 7.72 (11!!. d. 3 
8.11 Hz), 7.3 (LU!, d, 	3 	8.11 Hz), 	5.711-5.25 	(2!!, 	in), 
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5.17- 11.79 (11ff, m), 3.92 (11ff, d, 3 11.0 Hz). 2.42 (6ff. 	a) 
and 2.30 (2ff, in). 
11. Preparation of Diethyl cis-3,4-DivinWlCYClO-
pentane-1 • 1-dicarboxylate 
Sodium metal (224 mg, 9.711 nimo].) was dissolved in 
ethanol (20 ml) and to this, diethyl malonate (715 mg, 
11.5 minol) was added and the reaction was stirred at room 
temperature for 30 mm. 3,11-bis(p-tolueneBUlPhOflYlOXY-
methyl)hexa-1,5-diene (2 g, 11.5 mmol) in ethanol (25 ml) 
was then added and the reaction mixture was heated at 
ref lux for 60 h. The ethanol was then removed in vacuo 
and the residue was dissolved in water, neutralised with 
dilute hydrochloric acid and extracted with 
dichioromethane (11 X 50 ml). After combining and drying, 
the organic solution was reduced in vacuo to an oil 
that was distilled (130-1110 °C at 0.2 mmHg) to give 
diethyl cis-3. 11.-divinylcyclopentane-1. 1-dicarboxylate 
as a colourless liquid (1111 mg, 69%); (M4 266.1506, 
C15H2204 requires 266.1518); vmax 30110, 2980, 
1730, 16110 and 1255 cm-1 ; S 	(CDC1 3 ) 5.62-5.52 
(2ff, m), 5.15- 11.85 (11ff, in), 11.175 (11H, q, 	3 7.19 Hz), 
2.79-2.58 (2ff, in), 2.113-2.12 (11ff, m) and 1.23 (6H, t, 	3 
7.1 Hz); 6,. (cDc13) 172.53. 172.18, 138.35, 115.03, 
61.31, 59.111, 117.03, 38.71 and 13.89; m/z 266 (M4 ) 
221. 173, 119 (base), 116 and 79. 
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12. 	FVP of Diethyl 4_Thi atricyclo15.3.0.0Z 	]... 
decane-LL, 1&-dioxide-9, 9-dicarboxylate 
FVP of the title compound (114 mg, 0.014 mmol. 
6500c, 4 x 10 3 mmHg. inlet 800C) gave rise to a 
colourless liquid that was analysed by G.C. 	(59 
carbowax, 160 0C, R.T. 8.20 ruin) and found to be a 
single component coincident with authentic diethyl 
cis-3, 14-divinylcyclopentafle-1, 1-dicarboxylate (7.3 mg, 
65%) SH (CDC1 3 , 60 MHz) 5.6-5.5 	(211, rn). 5.2-4.a 
(1111, in), 14.2 (1111. q, J 7Hz), 2.8-2.6 	(211, 	in), 	2.14-2.1 
(Zul, in), 1.2 (611, t, 3 7Hz). 
13. Preparation of Dimethwl 6-Methyl-3-thiabicyclo- 
(3.2.0. ]heptane-3, 3-dioxide-6, 7-dicarboxylate 
A solution of lithium bis(trimethylsilyl)amide (3.82 
mmo]. ) in tetrahydrofuran (20 ml) was cooled to -780C 
and to this, dirnethyl 3-thiabicyclo(3.2.0.]hePtafle -3,3-
d1oxide-6,7-dicarboxylate 	(Is, 	3.82 	nimol) 	in 
tetrahydrofuran (25 ml) was added and the reaction 
mixture was stirred for 10 ruin. lodomethane (597 rug, 14.2 
mmol) in tetrahydrofuran (5 ml) was then added and the 
reaction mixture was allowed to warm to -35 0C and 
stirred for a further 1. h. 
The reaction was quenched by the addition of 
ammonium chloride (aq., Sml) and water (75 ml). The 
aqueous phase was extracted with dich].oromethane (14 x 50 
ml) and the organic phases were combined, dried and 
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reduced in vacuo to afford a brown oil. Chromatography 
over silica gel (eluant; 15% chloroform / ether) gave 
dimethwl 6-methyl-3-thiabicyclo(3.2.0 ]heptane-3,3-
dioxide-6,7-dicarboXV].ate as colourless crystalline 
solid after recrystallisation from methanol (37 mg, 5%) 
M.P. 	139-1111 0C 	(Found: 	C, 	117.99; 	H, 	5.59. 
C11H16S06 reQuires C. 117.82; H. 5.8 11%); Umax 
1730, 1305, 1215 and 11110 CM-1 ; SH  (CDC13) 3.76 
(3M, a), 3.72 (3M, a), 3.71-3.30 (3ff, in) and 3.29 -2.78 
(11H, , in); S (CDC13) 173.112. 170.91. 53.86. 	52.115, 
51.91. 51.01, 117.31, 116.92, 111.08, 29.1111 and 20.67; m/z 
276 (M), 2 115, 212 and 113 (base). 
ill. Attempted Annelation of Dimethyl 3-Thiabicyclo- 
(3.2.0. ]heptane-3. 3-dioxide-6. 7-dicarboxylate. 
Preparation of Dimethyl 6-Allyl-3--thiabicyclo-
[3.2.0 ]heptane-3, 3-dioxide-6, 7-dicarboxylate 
A solution of lithium bis(trimethylsilyl)aflhide (8.11 
mmol) in tetrahydrofuran (8.11 in].) was cooled to -120 0C 
(liquid N2 / ether slush bath) and to this, was added 
dimethyl 	3-thiabicyclo[3. 2.0 ]heptane-3, 3-dioxide-6, 7- 
dicarboxylate (1 g, 3.82 nimol) in tetrahydrofuran (25 
ml) over 30 mm. 1,3-dibromopropane (0.77 g, 3.82 mmol) 
in tetrahydrofuran (2 ml) was then added and the mixture 
was stirred for 1 h. The reaction was quenched by the 
addition of ammonium chloride (aq., 5 ml) and the 
tetrahydrofuran was removed invacuo . The residue was 
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dissolved in water and, after acidifying, the aqueous 
phase was extracted with dichioromethafle (4 x 50 ml). 
The organic phases were combined, dried and evaporated 
under reduced pressure to give a solid that was 
recrystallised from methanol to give 	dimethyl 
6-a].lyl-3-thiabiCyClo(3.2.0. ]heptane-3.3-dioxide-ó,7 
dicarboxylate as & colourless crystalline solid (127 
mg, 11 %). m.p. 112-111 0C. (Found: C, 51.72; H, 5.99. 
C13H18S06 requires C, 51.65; H. 6.00%); vmax  
1730, 1635, 1300, 1135 and 910 cm -i ; & 	(CDC13, 
200 MHz) 5.70-5.44 (1H, rn) 5.20-5.04 (2H. m), 3.79 (1H, 
d, .7 8.7). 3.75 (311, s), 3.69 (311. 	s), 	3.64-3.44 	(211. 
M). 3.36-2.86 (4H, m) and 2.71-2.45 (211, m); SC 
(CDC13 d.e.p.t.) 131.159 	119.56, 	53.56, 	52.27, 
51.73, 50.93, 46.54, 38.71, 38.58 and 29.37; m/z 271 
(M-OMe), 261, 238, 2118. 279, 278 and 139 (base). 
15. Attempted Annelation of Dimethyl Hexa-1,5-
diene-3,4-dicarbOXylate. Preparation of Dimethyl 
E, E-Hexa-2, 11-diene-3, ZI-dicarboxylate 
Lithium diiaopropylalnide was formed at 0°C by the 
addition of butyl 	lithium 	(10.6 	mmol) 	to 
diisopropy].amifle (1.385 ml, 1.08 g, 10.6 mmol) in 
tetrahydrofuran (10 ml). The solution was then cooled to 
-780C and. dimethyl hexa-1, 5-diene-3, A-dicarboxylate 
(1 g, 5.05 mmol) in tetrahydrofuran (30 ml) was added 
and the reaction mixture stirred at -78°C for 10 mm. 
Dibrornopentane (0.7 ml, 1.15 g, 5.05 mmol) in 
tetrahydrofuran (5 ml) was then added and the mixture 
allowed to rise to room temperature. The reaction was 
quenched by the addition of aqueous ammonium chloride (5 
ml) and water (100 ml). After acidifying to 
neutrality, the aqueous phase was extracted with 
dichloromethafle (14 x 50 ml) and the organic phases were 
combined, dried and reduced in vacue to an oil. 
Chromatography over silica gel gave dimethy]. 
hexa-1,5-diefle-3,4-dicarbOXvlate (77 mg) and dimethyl 
,ca_2 • 1_djene-3,14-diCarbO,Wlate as a colourless oil 
(387 mg, 44%),b.p. 1814 0C (11t. 3. 1500C at 	0.3 
inmHg) Umax 2925, 1720, 1635. 1435 and 1250 
H (cDC1 3 )7.09 (2H, Q. 3=7) 3.67 (6H. a). 1.65 (611. 
d,. .1 7Hz).; SC (CDC13. d.ep.t.) 141.26. 51.53 and 
14.99; &ç (CDC1 3 ) 165.77 (d. 3 7.48 Hz). 
16. Preparation of Dimethyl E,E-Octa-3.5-diefle-14,5-
dicarboxylate 
Lithium diisopropylaiflide was formed at 0°C by the 
addition of butyl 	lithium 	(10.6 	mmol) 	to 
diisopropylamifle (1.385 ml, 1.08 g, 10.6 mmol) in 
tetz'ahydrofuran (10 ml). The solution was then cooled to 
-780C and dimethyl hexa_1,5-diene-3,4 -dicarbOxylate (1 
g, 5.05 minol) in tetrahydrofuran (30 ml) was added and 
the reaction mixture stirred at -780C for 10 mm. 
Iodomethane 	(0.63 	ml, 	1.43 	g,10.1 	mmol) 	in 
tetrahydrofuran (5 ml ) was added and the reaction 
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mixture was allowed to warm to room temperature. The 
reaction was quenched with ammonium chloride (aq., 5 ml) 
and diluted with water to 70 ml. After acidifying to 
neutrality the aqueous phase was extracted with 
dichloromethafle (11 x 50 ml). The organic phases were 
combined, dried and reduced in vacuo to a brown oil 
that distilled ( 1 115 -150 °C at 0.15 mm 6) to give 
dimethy] E, E-octa-3. 5-diene-Il. 5-dicarboxylate as 	a 
clear oil (0.9 1 11 g, 83%). (Found: M 	226.1210. 
C12H1804 requires 226.1205); vmax 2925. 1715, 
1630, 1650, 11130 and 12110 cm -1 ; S (CDC1 3 ) 6.68 
(211, t, 3 7.55 Hz), 3.38 (6H. 	a). 	1.84-1.16 (Zuf, m), 
0.71 (611. t, .7 72 Hz); S (CDC13. d.e.pt .) 1117.10. 
51.15, 22.53 and 11.96; m/z 226 (M). 195. 211 and 194 
(base). 
17. 	preparation 	of 	Dimethy]. 	E,E-1,8-DiphenylOcta- 
3. 5-diene-11, 5-dicarboxylate 
Lithium diisopropylamide was formed at 0 °C by the 
addition of butyl 	lithium 	(10.6 	mmol) 	to 
diisopropylamifle (1.385 ml, 1.08 g, 10.6 mmol) in 
tetrahydrofuran (10 ml). The solution was then cooled to 
-780C and dimethyl hexa_1,5_diefle_3.4-diCaPb0CYlate 
(1 g, 5.05 mmo]) in tetrahydrofuran (30 ml) was added 
and the reaction mixture stirred at -78 0C for 10 mm. 
Benzyl bromide (1.2 ml, 1.73 g, 10.1 mmol) in 
tetrahydx'ofUran (10 ml) was added over 5 mm. and the 
reaction mixture allowed to warm to room temperature. 
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After the addition of ammonium chloride (aq.,5 ml) and 
water (70 ml), the solution was neutralised and 
extracted with dichioromethafle (4 x 50 ml). The organic 
phases were combined, dried and reduced in vacuo to a 
brown oil. Chromatography over silica gel gave rise to 
dimethy]. 	E, E-dipheny].octa--3. 5-diene-4, 5-dicarboxylate 
as a clear oil (1.062 a t 57%) b.p. 185-1900C at 0.1 mm 
Hg. (Found:M 	378.1832. 	C202604 	requires 
378.1831); vMax 3050. 2950. 1715, 1630. 1600, 1430. 
1250 and 700 crn 2 ; 	(CDC13 200 MHz) 7.35- 7.00 
(1211, rn). 3.66 (611, a), 2.70 (411, t, J 9Hz), 	2.32 	(411, 
M); 	O 	(CDC13,d.e.p.t.) 145.51. 128.32, 128.18, 
126.03, 51.78, 34.15 and 31.34; & 	(CDC13 ) 166.04 
(d, .7 6.26 Hz); rn/z 378 (4 4 ), 347, 288 and 256 (base). 
18. Preparation 	of 	Dimethy]. 	1,8-Dimetato].wlocta- 
3, 5-diene-LL, 5-dicarboxylate 
Lithium diisopropylamide was formed at 0°C by the 
addition of butyl 	lithium 	(10.6 	mmol) 	to 
diisopropy].amine (1.385 ml, 1.08 g, 10.6 mmol) in 
tetrahydrofux'an (10 ml). The solution was then cooled to 
-78°C and dimethyl hexa-1, 5-diene-3. i4-dicarboxylate 
(1. g, 5.05 mmol) in tetrahydrofuran (30 ml) was added 
and the reaction mixture stirred at -780C for 10 mm. 
MonobromoIecm.,y/r jse (1.87 g, 10.1 mmol) in tetrahydrofuran 
(20 ml ) was added and the reaction mixture allowed to 
warm to room temperature. The reaction was quenched by 
the addition of ammonium chloride (aq., 5 ml) and water 
(50 ml).The aqueous phase was extracted with 
dichloromethafle (Ii x 50 ml) and the organic phases were 
combined, dried and reduced in vacuo to afford a red 
oil. Chromatography over silica gel gave dimethyl 
1. 8-dimetato].YlOCta-3, 5-diene-14, 5-dicarboxy].ate as 	a 
clear oil (757 mg, 37%), b.p. 190-1950C at 0.05 mm Hg; 
(Found:M4 1406.21110. C26H30014 requires *06.21144); 
'max 3010. 2925, 171 5. 1650, 1605. 1
1435 and 1250 
cm; &Jf (CDC13) 7.140-6.68 (10 H. in), 3.72 (31!. 
s), 3.70 (311,$), 2.70 (141!, rn), 2.33 (61!, 	a) and 1.95- 
1.55 (141!, in); 6c (CDC1 3 , d.e.p.t.) 128.93. 	128.23, 
128.13, 126.77, 125.20, 51.71, 314.08, 31.39 and 21.18; 
m/z *66 (M4 ). 3711, 269 and 105 (base). 
19. 	Preparation of Dimethyl 11-Virtyl-1,2-benZOCYClO- 
octa-1, 5-diene-4, 5-dicarboxylate 
Lithium dilsopropylamide was formed at 0°C by the 
addition of 	butyl 	lithium 	(10.6 	mmo].) 	to 
diiaopropylalflifle (1.385 ml, 1.08 g, 10.6 nimol) in 
tetrahydrofurark (10 ml). The solution was then cooled to 
-780C and dimethy]. hexa_1,5_diene_3, 4-diCarbOWlate 
(1. g, 5.05 mmol) in tetrahydrofuran (30 ml) was added 
and the reaction mixture stirred at -780C for 10 mm. 
	
c'(1 O-dibromoorthoxylone (1.14 	g, 	5.2 	mmo].) 	in 
tetrahydrofuran (10 ml) was then added over 10 mm. and 
stirring was continued for 1 h at -78 0C. The reaction 
mixture was then allowed to warm to -140 0C and stirred 
for a further 1 h. After warming to room temperature the 
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reaction was quenched by the addition of ammonium 
chloride (ag. 5 ml) and water (50 ml). The neutralized 
solution was extracted with dichioromethane (A x 50 m.1) 
and the organic phases were combined, dried and reduced 
in vacuo to a brown gum. 	Chromatograpfly over 
silica gel (light petroleum, ether gradient) 	gave 
dimethyl 	LI-vinyl-1.2-benzocycloocta-i, 5-diene-LI, 5- 
dicarboxylata as a colourless crystalline solid (570 
mg, 37%), m.p. 129-131 °C (Found: C. 71.80; H e 6.71. 
C1 8H2004 requires C, 71.98; He 6.71%); vmax  
1730, 1700, 1630, 1285. 1260, 1200, 1115. 795 and 750 
cm; & (360 MIfz, benzene d 6 ) 7.16-6.75 (611. m). 
5.11-5.011 (211. in), 3.53(111. d, J 14.6). 	3.26 	(311, 	a). 
3.25 (311, a), 2.96 (111. d, J 14.6), 2.89- 2.83 (111, 	in), 
2.73-2.54 (211, in) and 1.99-1.91 (11!, in 	); & 
(benzene d 6 ) 173.89. 168.15, 140.50, 140.01, 138.53. 
135.45, 135.18, 132.69, 130.65, 127.26, 125.58. 112.92, 
59.69, 51.09, 43.52, 33.35 and 26.53; m/z 300 (M 4 ), 
269, 268 (base). 251, 242 and 241. 
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D. Reactions Towards the Preparation of 3-Thiabicyclo-
[3.2.0] hept-6-ene-3, 3-dioxide Ring Systems 
1. Preparation of 6,7-Dichloro-3-thiabicyclo(3.2.0]-
heptane-3. 3-dioxide--6. 7-dicarboxylic Acid Anhydride 
A solution of dichloromaleic anhydride (17.8 g, 
0.106 mol), butadiene sulphone (25 g. 0.212 mol) and 
acetophenone (5 in].) in chloroform (150 ml) was purged 
with dry nitrogen for 15 mm. The solution was 
Irradiated through quartz at 110 W for 60 h. 	A 
colourless solid precipitated from the solution and this 
was filtered off. washed with cold chloroform and dried 
under 	reduced 	pressure to 	give 
6, 7-dichioz'o-3-thiabicyclo[3. 2. 0]heptane-3. 3-dioxide-
6,7-dicarboxylic acid anhydride as a colourless 
crystalline solid (13.06 g, 43%), m.p. 210-215 0C 
(lit. 83 , 2150C), umax1740, 1710, 1285. 1130 and 
810 cm; SR [(CD3 ) 2C0] 4.0-3.68 (2fl. in) and 
3.52-3.25 (LLR, in); 5C  [(CD 3)2C0. d.e.p.t) 54.52 
and 39.17; ni/a 250 (M4-Cl), 215 and 202 (Base). 
2 . Preparation of 6,7-Dichloro-3-thiabicyclo[3.2.0]- 
heptane-3, 3-dioxide-6 • 7-dicarboxylic 	Acid 
6, 7-Dich].oro-3-thjabjcyclo [3.2.0] heptane-3, 3-dioxide 
-6,7-dicarboxyijo acid anhydride (250 mg, 0.88 mmol) was 
dissolved in water (15 ml) at room temperature. The 
water was removed in vacuo while maintaining the 
temperature at 35-40 0C, to give rise to a solid that 
was washed with ether and dried under vacuum to give 
6, 7-dichloro-3-thiabicyclo[3. 2. 0]heptane-3, 3-dioxide-
6,7-dicarboxylic acid as a colourless crystalline 
solid (256 mg, 96%), M.P. 196-198 0C (M 	301.9446, 
C8H8C12S06 requires 301.9419); Umax 	3220, 
1765, 1700, 1300, 1215 and 1130 cm-1 	S (cD30D) 
4.11-3.97 (21!, in). 3.70-3.50 (41!, in); 	c (CD 3OD) 
168.36, 73.05, 50.28 and 39.36; m/z 302 (M). 299 
and 214 (base). 
3. 	Preparation of Dimethyl 6 7-Dichloro-3-thia- 
bicyclo[3. 2. 0]heptane-3, 3-dioxide-6, 7-di-
C arboxy]. ate 
6, 7-Dichloro-3-thiabicyclo(3. 2. 0)heptane-3, 3-diox-
ide-6,7-dicarboxylic acid anhydride (5 g, 0.0175 mol) 
was added to methanol (30 nil). A few drops of 
concentrated sulphuric acid was added and the reaction 
mixture was heated at ref lux for 12 h. On cooling, 
colourless crystals precipitated from the solution and 
further product was obtained by slow evaporation of the 
filtrate. The combined product was recrystallised from 
methanol to give dimethyl 6,7-dlchloro-3-thiabicyclo-
(3.2. 0]heptane-3, 3-dioxide-6,7-dicarboxylate as a 
colourless crystalline solid (4.44 g, 	77%). 	M.P. 
160-1620C (11t. 83 160-162 0C) (found: C. 36.00; H. 
3.66. C 10u12c12so6 requires C. 36.17; 1!, 3.64%) 
VMax 1755. 1435. 1320, 1280. 1250. 1140 and 800 cm; 
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G (CDC13) 167.19, 71.03, 53.78, 49.79 and 43.40; 
m/z 330 (Mb ). 303. 301, 299 and 195 (base). 
Alternative Preparation of Dimethyl 6,7-Dichioro-
3-thiabicyclo[3. 2. 0]heptane -3, 3-dioxide-6, 7-dicar-
boxy late 
6,7-Dichloro-3-thiabicyclo[3.2.O]hePtafle-3.3-diOXide-
6,7-dicarboxylic acid 	(368 	met 	1.22 mmol) 	and 
iodomethane (689 mg, 4.85 inmol) 	were added 	to 
dimethylformamide (20 ml). Potassium carbonate (670 mg, 
4.85 mmol) was then added and the reaction mixture was 
stirred vigorously at room temperature for 60 h. The 
mixture was then filtered, added to water (50 ml) and 
extracted with dichloromethane (IL X 30 ml). The organic 
phases were combined, washed with water (4 X 50 ml), 
dried and reduced in vacuo to a colourless solid that 
was recrystallised from methanol to give dimethyl-6,7 -
dichloro-3-thiabiyclO[3. 2. O]heptane-3. 3-dioxide-6, 7-di-
carboxi'late as a colourless crystalline solid ( 205 
mg, 51%), m.p. 160-1620C (lit. 83 , 160-162 0C) 
Preparation of Diethyl 6,7-Dichloro-3-thiabicwclo-
[3.2. 0]heptane-3. 3-dioxide-6, 7-dicarboxylate 
6,7-Dichloro-3-thiabicyclo[3.2.0]hePtane -3,3-dioxide 
6,7-dicarboxylic acid anhydride (1 g, 3.5 mmol) was 
added to ethanol (15 ml). A few drops of concentrated 
sulphuric acid were added and the mixture was heated at 
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ref].ux for 24 h. On cooling, a colourless 	solid 
precipitated from the solution that was filtered off and 
recrystallized from ethanol 	to 	give 	diethy]. 
6, 7-dichloro-3-thiabicyclo[3. 2. 0]heptane-3, 3-dioxide-
6,7-dicarboxy].ate as a colourless crystalline solid (780 
mg, 639). m.p. 1111-116 0C (found: C. 39.75; H. 11.47; 
C12H16C12SO6 requires C. 40.12; 11,, 	4.49%); 
Umax 1745, 1720, 1320, 1280, 1265. 1140 and 880 cm -1 
611 (CDC13. 200 MHz) 4.15 (411, Q. .7 7.14 Hz). 
3.82-3.74 (2H, m), 3.53-3.42 (211, an), 3.20-3.08 (211, m) 
and 1.19 (611. t, .7 7.14 Hz); 6c (CDC13) 167.11. 
72.86, 63.45, 50.86, 39.76 and 13.64; m/z 358 (M). 
296, 295. 2911, 315, 313. 213, 207 and 133 (base). 
6. 	Preparation of Methyl 7-Chloro-3-thiabicyclo- 
[3.2. 0]hept-6-ene--3, 3-dioxide-6-carboxy].ate 
Dimethyl 6, 7-dichloz'o-3-thiabicyclo(3. 2.0]heptane-
3,3-dioxide-6,7-dicarboxylate (6.5 g, 0.0196 mol) and 
sodium iodide (15 g, 0.1 mol) were dissolved in 
butan-2-one (200 ml) and the solution was heated at 
reflux for 18 la. The butanone was then removed in 
vacuo and the residue was partitioned between 
chloroform (100 ml) and 909 saturated brine (30 ml). The 
organic phase was separated and washed with saturated 
sodium thioaulphate solution (30 ml), dried and reduced 
In vacuo to a colourless solid that was recrystallized 
from methanol to give methyl 7-ch].oro-3-thiabicyclo-
[3.2. 0]hapt-6-ene-3, 3-dioxide-6-carboxylate as a 
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colourless crystalline solid (4.26 g. 	92%), 	M.P. 
114-1160C (found: C. 40.40; H, 3.69. C8H 9C1SO4 
requires C, 40.59; H. 3.81%); vmax 1.700, 1625, 1325, 
1215, 1115 and 760 cm; 6H (cDc13. 200 MHz ) 3.79 
(3ff, a) 3.76 (2ff. in) 3.28-3.12 (4ff, in); 	5c (cDC13) 
159.86, 140.08, 133.64, 51.80, 50.19, 49.11, 44.49 and 
37.89; in/z 236 (M4 ), 207. 205, 174, 172, 137. 113 and 
78 (base). 
7. 	Attempted Dechlorocarboxylation of Diethyl 6,7- 
Dichloro-3-thiabicyclo (3.2.0] heptane-3, 3-dioxide-
6, 7-dicarboxylate 
Diethyl 	6, 7-dich].oro-3-thiabicyclo[3. 2. 0]heptane- 
3,3-dioxide-6,7--dicarboxylate (2 g, 5.6 mniol) and sodium 
iodide (3.34 g, 22.3 mmol) were heated at reflux in 
butan-2-one for 18 h. The butanone was then removed in 
vacuo and the residue was partitioned between 
dichioromethane (100 ml) and 90% saturated brine (30 ml) 
The organic phase was then washed with saturated sodium 
thioguiphate solution (30 ml), dried and reduced in 
vacuo to a colourless solid that was recrystallised 
from ethanol to return unreacted starting material (1.8 
g, 90%), M.P. 115-1190C 	c (CDC1 3 ) 167.04. 
72.80, 63.39. 50.80, 39.68 and 13.58. 
- 82 - 
Preparation of 7-Chloro-3-thiabicyclo[3.2.O]hept-
-6-ene-3, 3-dioxide-6-carboxylic Acid 
6. 7-Dichloro-3-thiabicyclo[3. 2. 0]heptane -3, 3-di- 
oxide-6,7-dicarboxlic acid anhydride (457 mg, 1.60 mmol) 
was dissolved in water (15 ml) and the solution was 
heated at ref lux for 18 h. The water was then removed 
in vacuo to give an oil that afforded a solid after 
trituration with ether. The solid was washed with ether 
and dried in vacuo 	to give 7-chloro-3-thiabicyclo- 
[3.2.0]hept-6-ene-33-dioxide-6-carboxlic acid as a 
colourless solid (248 mg, 70%), m.p. 201-203 0C (M 
221.9769. C7H7C1SO4 requires 221.9754 ) ; Vmax 
3600-2300, 1675, 1440, 1335, 1310, 1220, 1130 and 740 
cfl 1 6H . (CD30D) 3.97-3.84 (2ff. m). 3.37-3.34 (4ff, 
M); c (cD30D) 160.74. 139.11, 133.99. 49.07. 48.09. 
44.34 and 37.83; m/z 222 (M 4 ), 158, 143, 123, 77 and 
52 (base). 
Preparation of Methyl 3-Thiabicyclo[3.2.0]heptane-
-3, 3-dioxide-6-carboxylate 
Reductive dechlorination was attempted by a 
modification of the method of Katrisky and Monro 105 . 
Methyl 7-chloro-3-thiabicyclo(3. 2. 0]hept-6-ene-3, 3 -
dioxide-6-carboxylate (77 mg, 0.33 mniol) in methanol (50 
ml) was stirred under an atmosphere of hydrogen and in 
the presence of 5% palladium on charcoal for 12 h. The 
catalyst was then filtered off and the filtrate was 
- 83 - 
reduced in vacuo to an oil that afforded a colourless 
solid on trituration with ether. Recrystallisation from 
diisopropyl ether gave methyl 3-thiabicyclo(3.2.0]- 
heptane-3,3-dioxide-6-CarbOXylate as a colourless 
crystalline solid (65 mg, 98%), m.p. 116-1210C (found: 
C. 46.80; H. 5.84. C8H12SO4 requires C. 47.05; if. 
5.92%); vmax 1725, 1305. 1235 and 1140 cnt 1 ; 6 
(CDC13 . 200 MHz) 3.67 (311. a). 3.53-2.92 (611. m). 
2.68-2.35 (211, m); S (cDc13) 172.20. 54.85, 51.85. 
50.35, 37.27. 36.05. 29.18 	and 	29.03; 	m/z 	173 
(M-OMe), 140 and 99 (base). 
10. Preparation of Ethyl 3-Thiabicyclo[3.2.0]hept-
-6-ene-3. 3-dioxide-6-cax'boxylate 
Reductive dechlorination was achieved by a 
modification of the method of Clark and .Heathcock 6 . 
Zinc powder (275 mg, 4.2 mmol) was washed with dilute 
hydrochloric acid (10 ml) and the supernatant was 
decanted and discarded. The procedure was repeated a 
further 3 times and then washed similarly with acetone 
(2 X 10 ml) and ether (2 X 10 ml). Silver acetate (10 
mg, 0.06 mmol) in hot acetic acid (15 ml) was then added 
and the mixture was stirred for 5 mm. The acetic acid 
was then decanted and the zinc/silver couple was washed 
as before with acetic acid (2 X 10 ml), ether (2 X 10 
ml) and finally ethanol (2 X 10 ml). 
A solution of methyl 7-chloro-3-thiabicyclo(3.2.0]-
hept-6-ene-3,3-dioxide-6-carboxylate (250 mg 1.06 mmol) 
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in ethanol (15 ml) was added and the rection mixture was 
heated at ref lux for 18 h. The reaction mixture was then 
filtered and anhydrous magnesium sulphate was added to 
the filtrate. After filtration, the ethanol was removed 
in vacuo to give the transesterified product, 	ethyl 
3-thiabicyclo[3. 2. O]hept-6-ene-3, 3-dioxide-6-cax'boxylate 
as established by spectroscopic data; Vmax (CDC13) 
2950. 1715, 1610, 1320, 1225 and 1130 cm -1 ; 6 
(CDC1 3 , 200 MHz) 6.79 (111. d, 3 1.7 Hz). 14.19 (211, as 
3 7.2 Hz), 3.85 -3.75 (111. in), 3.63-3.35 (111, in), 	3.22- 
2.99 (1411, in) and 1.214 (311, t, 3 7.1 Hz); S (CDc13) 
160.70, 1 145.7 14, 	1140.67, 	60.72, 	51.37, 	50.814, 	140.314, 
37.81 and 13.99. 
11. Preparation of Methyl 3-Thiabioyclo(3. 2. 0]hept-
-6-ene-3, 3-dioxida-6-carboxylate 
Methyl 	7-chloro-3-thiabicyclo(3. 2. 0]hept-6-ene- 
-3,3-dioxide-6-carboxylate (1.5 g, 6.36 mmol) 	and 
zinc/copper couple (1.5 g) were added to methanol (150 
ml) and the mixture was heated at ref lux for 18 h. with 
vigorous stirring. The mixture was then filtered and the 
filtrate was reduced to dryness in vacuo . The residue 
was partitioned between dich].oromethane (100 ml) and 
10 % hydrochloric acid (50 ml). The organic phase was 
separated and washed with saturated brine (2 X 30 ml) 
and saturated sodium bicarbonate solution (20 ml). After 
drying, the solvent was removed in vacuo to give an 
oil that was crystallised from dichloz'omethane by the 
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addition of ether, to give methyl 3-thiabicyclol3.2.0] -
-hept-6-ene--3,3-dioxide-6-CarbOX/late as a clourless 
crystalline solid (670 nag, 52%), M.P. 	131-134 0C 
(found: C. 47.30; H, 4.93. C8H10SO4 requires C. 
47.52; H. 11.98%); V Max  1705. 1605. 1300. 1235, 1125, 
760 and 7110 cm; S (CDC13. 200 MHz) 6.79 (ifi. d, 
.1 0.9 Hz) 3.83-3.75 (Ili, rn), 	3.72 	(3H, 	B), 	3.69-3.5 11 
(1H, m) and 3.25-2.96 (LIH, m); SC (CDC13) 160.99. 
1116.11, 1110.16, 51.53, 51.26. 50.77, 	110.32 and 37.91; 
m/z 202 (M), 171. 138, 137 (base) and 107. 
12. Preparation of Methyl. 
-undec-9-ene--4, 11-dioxide-F -carboxylate 
Methyl 	3-thiabicyclo(3. 2. 0)hept-6-ene-3, 3-dioxide- 
6-carboxylate (160 nag, 0.79 mmol) was added to methanol 
(2.5 ml.) in a Carius tube. 1,3-Butadiene (1 ml, 0.62m. 
11.116 inmol) was added, the tube was sealed and heated in 
an oven at 110 0C. After cooling, the methanol was 
removed in vacuo to give a solid that was 
recrystallised from methanol and diisopropyl ether to 
give methyl 4_thiatricyclo[5.4.0.02 1 6 ]Ufldec_9_ene4, LI- 
dioxide-i-carboxylateas a colourless crystalline solid 
(178 nag, 87%), M.P. 132-134 0C (Found: M+1 257.08117 
C12 1i1 6S011 requires 257.08117); vmax 1715, 1640, 
1300. 1285, 1230 and 11110 cm; &a (CDC1 3 , 200 
MHz) 6.01 (211, in), 3.71 (3H, s). 3.57 (1H, dd, J 111.75 
and 5.7 Hz), 3.15-2.83 (LIH, m), 2.80-2.73 (1H, m), 
2.66-2.56 (in, m), 2.38-2.09 11H, in); & 	(CDC13) 1743 
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128.27, 	125.86. 	51.13, 	51.89, 	51.13, 	16.60, 
	40.47. 
31L40, 33.30, 31.84 and 26.22; m/z 257 (M+1). 225 
(base), 149 and 133. 
13. Preparation of Dimethy]. 3-Thiabicyclo(3.2.0)hept- 
-6-ene-3, 3-dioxide-6, 7-dicarboxy].ate by Dechlorin-
ation of Dimethyl 6,7-Dichloro-3-thiabicyc].o(3.2.01 
-heptane-3, 3-dioxide-6. 7-dicarboxy].ate. 
The method of dechlorination was a modification of 
the process of Scharf et a1 107 . 	Dimethyl 
6, 7-dichloro-3-thiabicyclo[3.2.0]hePtafle -3.3-diOXide-
6,7-dicarboxy].ate (0.5 g, 1.5 mmol) was added to benzene 
(50 ml). Dimethylformamide (1 ml) was added along with 
zinc/copper couple (1 g) and the mixture was heated at 
ref lux for 12 h with vigorous stirring. After cooling 
to room temperature the mixture was filtered and the 
filtrate was reduced in vacuo to an oil that was 
chromatographed over silica gel (ether, ethyl acetate 
gradient) to give a colourless semi-solid that had a 
1 C-n.m.r. 	spectrum consistent with dimethyl 
3-thiabicyclo[3.2.0]hept-6-ene-3,3-dioxide -6,7 -diCarbOXYlate. 
S 	(CDC13) 150.05, 142.57, 52.14, 50.15 and 38.40. 
hi. Preparation of 6-Bromo-3-thiabicyclo[3.2.0]-
heptane-3, 3-dioxide-6, 7-dicarboxylic Acid 
Anhydride 
A solution of butadiene sulphone (6.7 g, .056 mol), 
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bromomaleic anhydride (10 g, 0.056 mol) and acetophenone 
(5 ml) in chloroform (150 ml) was irradiated through 
quartz at 110 W. for 48 h. The chloroform was then 
removed in vacuo and gave rise to a brown gum that was 
treated with ether. The ethereal solution was reduced 
in vacuo to a solid that was washed with chloroform (11 
X 20 ml) to give 6-bromo-3-thiabicyc].o[3.2.0]heptane-
3,3-dioxide-6.7-dicarboxylic acid anhydride as 	a 
colourless crystalline solid ( 2.73 g, 16.3%), in.p. 
143-1460C; 'max 1765, 1690, 1300, 1260, 1170, 1145. 
1120 and 870 cm; SN [(CD3 ) 2C0. 200 MHz] 3.73- 
3.51 (5H, m) and 3.35 3.31 (2R. m); S, 	((CD3) 2C0) 168.28. 
168.04, 57.34, 54.05, 52.81, 52.31, 41.25 and 32.27. 
15. Preparation of Dimethyl 6-Bromo-3-thiabicyclo-
[3.2. 0]heptane-3, 3-dioxide-6, 7-dicarboxylate 
6-Bromo-3-thiabicyclo[3. 2. 0]heptane -3, 3-dioxide-
6.7-dicarboxylic acid anhydride (417 mg, 1.41 mmol) was 
added to methanol (10 ml). A few drops of concentrated 
sulphuric acid was added and the reaction was heated at 
ref lux for 18 h. On cooling colourless crystals 
precipitated from the solution and these were collected. 
Further product was obtained by slow evaporation of the 
solution . The combined product was recrystallized from 
methanol to give dimethyl 6-bromo-3-thiabicyclo(3. 2.0] -
heptane-3, 3-dioxide-6, 7-dicarboxylate as a colourless 
crystalline solid (429 mg, 899). M.P. 	149-151 0C 
(found: M+1 340.9695. 	C10Jf 13BrSO6 	requires 
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3409695); vmax 1745, 17309 1310, 1300, 1275. 1175. 
1150 and 1115 cm; SH (CDC13) 3.90 (IN. d. 3 7.62 
Hz), 3.78 (31!, 5), 3.70 (3H. a). 3.68-3.58 (31!. m) and 
3.42-3.15 (31!. m); 6c (cDC13) 169.25. 168.77, 56.61, 
54.91, 54.10, 53.90. 53.30. 52.38, 41.49 and 32.77; m/z 
311, 309 (M-OMe), 283. 281. 261. 276. 278 and 
261 (base). 
16. 	Preparation of Dimethyl 3-Thiabicyclo[3.2.0]hept- 
-6-ene-3,3-dioxide-6,7-dicaz'boxylate by the 
Dehydrobromination of Dimethy]. 6-Bromo-3-thiabicy-
clo(3.2.0]haptane- 3, 3-dioxide-6,7--dicarboxylate 
A solution of dimethyl 6-bromo-3-thiabicyclo-
[3.2. 0]heptane-3, 3-dioxide-6, 7-dicaz'boxylate (164 	mg. 
0.48 mmol) in tetrahydrofuran (20 ml) was stirred under 
nitrogen at room temperature. To this DBU (102 mg. 0.67 
mniol) was added. A precipitate was observed almost 
immediately and stirring was continued for 5 h. The 
reaction mixture was then filtered and the THF was 
removed in vacuo . The residue was dissolved in 
dichloromethane and washed with 2M HC! (2 X 30 ml), 
saturated brine (2 X 30 ml) and finally saturated sodium 
bicarbonate solution (15 ml). 	The dichloromethane 
solution was dried and the solvent was removed in 
vacuo to afford a colourless solid (50 mg, 40%) m.p. 
122-1240C, 	with the 	spectroscopic 	properties 
consistent with dimethyl 3-thiabicyclo(3. 2. 0]hept-6-ene 
-3,3-dioxide-6,7-dicarboxylate 	5 	(CDC13, 	200 
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MHz) 3.90-3.62 (8H, m) and 3.39 -3.13 (ILH, m); S 
(cDc13 ) 160.00. 142.52, 52.16, 50.08 and 38.36. 
17. Preparation of ineso-3. I1-Dichlorohexa-1. 5-diene-
3,LL-dicarboxylic Acid Anhydride 
6, 7-Dichloro-3-thiabicyclo(3. 2. 01heptane-3. 3-di-
oxide-6,7-dicax'boxylic acid anhydride (1.00 g, 3.51 
mmol) was pyrol.ysed (600 0C, 9 x 10 	mmu, inlet 
1900C) to give, after 1.5 h a yellow oil in the trap. 
This was collected and distilled (65-70 0C at 0.05 
mmHg) to give meso-3, L1-dichlorohexa-1, 5-diene-3, IL-dicar- 
boxylic acid anhydride as a colourless oil (729 mg 
94%), (Found:M 221.9666, C3a6c1 2o 3 requires 
221.96611); Um 	(neat) 1890. 1810. 1415, 1210, 9145, 
8140, 755, 715 and 690 cm; 6H (CDc13) 5.98-5.63 
('; 8c  (CDC13) 163.23. 128.05, 123.66 and 73.35. 
18.Preparation of Dimathyl 2.7-Diahloro-E.z-octa-
2, 6-dienedioate 
meso-3, 14-Dichlorohexa-1, 5-diene-3, £4-dicarboxylic 
acid anhydride (780 mg, 3.53 mmol) was dissolved in 
methanol. (50 ml). A few drops of concentrated sulphuric 
acid was added and the reaction was heated at reflux for 
214 h. The methanol was then removed in vacuo and the 
residue was dissolved in dichloromethane (50 ml) and 
washed with saturated sodium hydrogen carbonate (4 X 25 
ml). The organic phase was dried and the solvent was 
removed in vacuo to leave an oil that was distilled 
(105-1100C 	at 	0.05 mmHg) 	to give 	dimethyl 
2. 7-dichloro-E, Z-octa-2. 6-dienedioate as a colourless 
oil (892 mg, 95%), cooling in an ice bath gave rise to 
crystalline material m.p. 	19-210C 	(Found: 	M 4 
266.01111. C 101112C12011 requires 266.0113); '1max 
(neat) 1725. 1630, 1 1 359 12709 1235, 1050, 770 and 750 
CM-1; S(CDC1 3. 200 MHz) 6.99 (in, t, 3 7.3 Hz). 
6.37 (in. t, 3 7.6 Hz). 3.76 (6H, a), 2.68 (211, q, 3 5.8 
Hz) and 2.1114 (211, q, 3 6.11 Hz); & 	(CDC13) 162.55, 
162.110, 1112.20, 139.90, 125.113, 	123.111, 	52.75. 	52.112. 
28.21 and 27.61; m/z 266 (W'). 2311, 202, 1911. 171 and 
163 (base). 
19. FVP of Methyl 3-Thiabicyclo[3.2.0]hept-6-ena-
-3, 3-dioxide-6-carboxylate. 
FVP of the title compound (27 mg, 0.13 mmol, 
5000C, 9 X 10 mm a. inlet 125 0C) gave rise to a 
colourless oil in the trap (16.5 mg, 89%) that was 
analysed by G.C. (S.E. 30, 80-2110 0C at 80/mm) and 
found to be a mixture of at least 3 components. By 
comparison to literature data108 h 109 these were 
determined to be 	methyl cyclohexa-1.3-diene-2- 
carboxylate , methyl cyclohexa-1, 3-diene-1-carboxylate 
and 	methyl cyclohexa-1,3-diene-6-carboxylate . 	No 
evidence for aromatisation to methyl benzoate was 
observed. 
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20. 	FVP of Methyl 1L_Thiatricyclo(5'.0.0 26]undec_ 
-9-ene-4. 4-dioxide - 't -carbOxylate 
PVP of the title compound (50 mg, 0.19 mmol, 
6000C, 9 X 10 3 mmHg, inlet 120°C) gave, rise to a 
colourless liquid in the trap that was analysed by 
n.m.r. and found to be a complex mixture containing 
methyl benzoate by comparison to an authentic sample. 
FVP of the title compound (16 mg, 0.063 minol, 
5000C, 9 X 10 mmHg, inlet 120 0C) gave rise to a 
colourless solid in the trap that was analysed by J6H 
and 13C n.m.r. and found to be a mixture of unreacted 
starting material and methyl ci 3-4, 5-divinylcyclohex-
1-ene-4--carboxylate in a ratio of approximately 2:1 
respectively. The signals from the product could be 
assigned as follows; & 	(CDC13. d.e.p.t.) 137.77. 
137.58, 124.64. 1214.41, 116.30, 115.24, 51.94, 4307, 
29.52 and 28.08. 
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E. 	Preparation and Reactions of 6,7-Dimethylene - 3 - 
thiabicyclo[3. 2. O]heptane-3, 3-dioxide 
Preparation 	of 	6,7-Diiodomethyl-3-thiabicwClo- 
(3.2. 0]heptane-3, 3-dioxide 
A solution of 6, 7-bis(p-toluenesulphonyloxymethvl)-
-3-thiabicyclo[3. 2. 0]heptane -3, 3-dioxide 	(25 g, 
0.049 mo].) and sodium iodide (29 g, 0.195 mol) were 
dissolved in butan-2-one (500 ml) and heated at ref lux 
for 48 h. The solution was then cooled, filtered and 
reduced to dryness. The residue was partitioned between 
dichloromethane (100 in].) and water (50 ml) and the 
organic phase was separated. 	The dichloromethane 
solutionwas then washed with water (50 ml) and finally 
sodium thiosulphate solution (2 x 50. ml). The solution 
was then dried over magnesium sulphate and reduced in 
vacuo to yield a green solid that was recrystallised 
from tetrahydz'ofuran 	to 	give 	6,7-diiodoniethwl- 
3-thiabicyclo[3. 2. 0]heptane-3, 3-dioxide 	as 	a 
colourless crystalline solid (2.5.96 g, 76%), 	M.P. 
174-175 0C (lit. 3, 173-174 0C). 
Preparation of 6,7-Dimethylene-3-thiabicyclo-
[3.2. 0]heptane-3, 3-dioxide 
Sodium hydride (0.58 g, 0.024 mol) was suspended 
in dry tetx'ahydrofuran (50 ml) and stirred at room 
temperature under nitrogen. To this, 6,7-diiodomethyl- 
3-thiabicyclo(3.2.0]hePtafle-3,3-diOXide (5 g, 0.0115 
mol) in dry tetrahydrofuran (100 ml) 	was 	added. 
dropwise, over a period of 30 mm. The reaction mixture 
was stirred at room temperature overnight. The excess 
sodium hydride was quenched with water (5 ml) and the 
solvent was removed in vacuo • The residue was 
dissolved in dichlor'omethane, washed with saturated 
brine (11 x 25 ml) and then dried over magnesium 
sulphate. After filtration and the addition of 1 mg. of 
galvinoxyl the solvent was reduced in vacuo to yield 
an oil that crystallised on standing to give 
6, 7-dimethylene-3-thiabicyclo(3. 2. 0)heptane-3. 3-dioxide 
as a crystalline solid (1.77 g, 91%), m.p. 90-92°C; 
'max 1649. 1313, 1291, 1219, 1121, 1068, 918. 901 and 
711 cm; 8  (cDc1 3 ) 5.39 (211, a), 4.96 (211. s). 
3.83-3.65 (2H, in) and 3.5-2.98 (1111, in); 	c (CDC13) 
147.94, 106.92, 53.33 and 38.85. 
3. 	Preparation of Diethyl 4_Thiatricyclo(5.4.0.0 2 1 5 1 
undec-1 (7) -ene-LL, L&-dioxide-9, lO-dicarboxylate 
6, 7-Dimethylene-3-thiabicyclo (3.2. 0]heptane-3, 3- 
dioxide (206 mg,1.2 mmol) and maleic anhydride ( 119 ing, 
1.2 mmol) were dissolved in benzene (25 ml) and the 
reaction mixture was heated at ref lux for 18 h. The 
benzene was then removed in vacuo and replaced with 
ethanol. A few drops of concentrated sulphuric acid were 
added and the mixture was heated at reflux for a further 
10 h. After coo].ing,the ethanol was reduced in vacuo 
- 9" - 
to Ca. 5 ml. On further cooling in an ice bath 
colourless crystals formed that were isolated and 
recrystallised from ethanol 	to 	give 	diethyl 
9,10-dicarboxylate as a colourless crystalline solid, 
M.P. 116-118°C 	(Found: 	C. 	55.65; 	H. 	6.44. 
C16H22S06 requires C. 56.125; H. 6.48 %); vmax 
1720, 1320 and 	1120 cm-1 	5 	(CDC13) 4.08 
(4H,9), 3.48 (2H, be), 3.12-2.95 (60, in), 2.35 (iiH, in) 
and 1.19 (60, t); &(CDC1 3) 172.60. 141.99. 60.52, 
50.11, 41.59, 23.96 and 13.91; m/z 	342 (M4 ), 	 293. 
265, 203 and 131 (base). 
IL. Preparation of Methyl 
undeca-1(7) , 9-diene-LL. LL-dioxide-9-carboxylate. 
6, 7-Dimethylene--3-thiabicyclo[3. 2. 0]heptane -3, 3-
dioxide (138 mg, 0.812 mmol) and methyl propiolate 
(120 mg, 1.4 mmol) were dissolved in toluene with Ca. 5 
mg of galvinoxyl and heated at ref lux for 24 h. The 
solvent was removed in vacuo to yield a yellow solid 
that was recrystallised from methanol to give 
methyl 
L&,L1-dioxide-9-carboxylate as a colourless crystalline 
solid (107 mg, 52%). M.P. 142-144 0C (Found: C. 56.72; 
0,5.53. C12014SO4 requires C. 56.68; H. 5.559); 
Umax 2850. 1700. 1300 and 1120 cm: SH (CDC1 3 ) 
7-02 - (1H. d,d), 3.72 (31!, s) and 3.07-2.82 (10 H, in); 
S c  (CDC13) 167.00. 1141.71. 139.68. 136.31. 128.14. 
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51.59, 50.31, 41.77, 41.65, 	25.07 	and 	23.78;m/z 
254(M4 ), 223, 190 and 131 (base). 
5. 	Preparation of 10,12-Dioxo-11-phenyl-1.1-aZa- 
4-thiatetracyclo [7. 5. 0. 0. 2 P 6 . 090- 3] tetra-
dec-1(7) - ene- 4, a-dioxide 
6, 7-Dimethylene-3-thiabicyclO(3. 2. 0)heptane-3. 3 -
dioxide (230 mg, 1.36 mmol) and N -phenylmaleimide (234 
mg, 1.36 mmol) were dissolved in benzene (10 ml) and to 
this galvinoxyl (Ca. 5 mg) was added and the reaction 
mixture was heated at ref lux for 18 h. On cooling to 
room temperature, a colurless solid crystallised that 
was isolated and x'eez'ystllised from chloroform to give 
10. 12-dioxo-11-phenwl-11-aza-a-thiatetz'aCyclo- 
(7. 5. 0. 02, 6..O9)tetradec...1(7)eneI1, IL-dioxide 
as a colourless crystalline solid (328 mg, 71%), M.P. 
214-216 0C (Found: C, 62.90; H e 4.95; 	N o 	IL.07. 
C18H17NS0IL requires C, 62.98; H e 4.99; N o 4.08%); 
Umax 1710. 1595, 1310 and 1110 cm; 8H (CDC13. 
200 MHz) 7.51-7.25 (5H, m), 3.67 (2H, be), 3.37-3.30 
(211. m), 3.03 (1111, m) and 2.119 	(1111, 	ci); 	S(CDCl3) 
177.70, 1110.08, 131.61, 128.61, 128.03, 125.88, 	119.69, 
111.73. 36.91 and 20.21; m/z 343 (M). 278, 286, 257 
and 105 (base). 
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Preparation of Methyl 11_Thiatricyclo[5.14.0.0Zf 6 ]- 
undec-1( 7) -ene-l&, 14-dioxide-9-carboxylate 
6, 7-Dimethylene-3-thiabicyclo[3. 2. 0]heptane-3. 3-
dioxide (280 mg, 1.6 mmol)was dissolved in methyl 
acrylate (10 ml) and heated at reflux for 118 h. The 
methyl acrylate was then removed in vacuo 	and 
trituration with ether gave a colourless solid that was 
recrystallised from chloroform and diiaopropyl ether to 
give 	methyl 	4-thiatricyclo(5. 11.0. o .Z ' 6j 
undec-1(7)-ene-4, 1L-dioxide-9-carboxylate as 	a 
colourless crystalline solid (206 mg, 	149%), 	M.P. 
81- 830C (Found: C, 55.0; H, 6.18. C 12H 16S011 
requires C, 56.23; H, 6.29%); vmax 1730. 1300. 1210 
and 1120cm1; H (cDC13, 200 MHz ) 3.66 (31!. a). 
3.62 (21! be), 3.09-2.89 (LLH, m), 2.73-2.59 (iL m), 
2.21-2.17 (21!. d). 2.111-1.98 (31!, rn), 1.88-1.66 (11!, rn); 
Sc(CDC13) 175.31. 1 143.77, 1142.11, 51.55. 50.44, 
50.28, 111.77, 141.71, 	39.05, 	25.11, 	25.11, 	25.011 and 
22.01; m/z 256 (M'). 225. 132 (base) and 105. 
Preparation of 11. i.2-Benzo-10, 13-dioxo-LL-thia- 
ene-Il, 14-dioxide 
6, 7-Dimethylene-3-thiabicyclo[3. 2. 0]heptane-
3,3-dioxide (5140 mg, 3.176 mmo].) and 1,11-naphthaquinone 
(502 mg, 3.176 mmol) were dissolved in toluene (50 ml). 
To this galvinoxyl. ( Ca. 	5 mg) was added and the 
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reaction mixture was heated at reflux for 30 h. On 
cooling to room temperature a solid was isolated and 
recrystallised 	from 	chloroform 	to 	give 
11. 12-benzo-10. 13-dioxo-4-thiatetracyclo-
(8.5.O.02 ,609,l4lpentadec_1(7)_ene_L&,L&_dioxide 	as 
a colourless crystalline solid (654 mg, 63%) m.p. 
2111-243°C (Found C, 66.1; H, 4.92. C181116s04 
requires C, 	65.84 	; 	H, 	4.91%); 	Vmax 	1705. 
1685,1590,1310 and 1125 cm; & (CDC1 3, 200 MHz) 
7.85 (2ff, in), 7.60 (2ff. rn) 	3.52 (2H, be), 3.37 (2ff, in), 
2.90-2.87 (ILH, in) and 2.13 (4ff, dd); 6c (d-DMSO, 
d.e.p.t.) 134.19, 126.6, 119.93, 46.49, 41.91 and 22.27; 
m/z 328 (M), 311, 301 and 264 (base). 
8. 	Preparation of 10,13-Dioxo-11-thiatetracyclo- 
[8.5.O.0. 2 ,60.9.t4]pentadeca_1(7),11_diene_ 
-44-dioxide 
6, 7-Dimethylene-3-thiabicyclo[3. 2. 0]heptane-
3,3-dioxide (279 mg, 1.64 mmol) and 1,4-benzoquirione 
(354 rng, 3.28 nimol) were dissolved in benzene (10 ml). 
Galvinoxyl ( Ca. 5 ins) was added and the solution was 
heated at ref lux for 18 	h. 	A 	colourless 
solid was filtered off and recrystallised from 
chloroform/diisopropyl ether to give 10.13-dioxo-
LL-.thiatetracyelo[8. 5.0. 02, 69, 2. 4 ]pentadeca_1(7) .11-
diene-4,4-dioxide as a colourless crystalline solid 
(368 ins, 81%), m.p. 178-183 0C (Found: C. 59.2; H. 
11.99. C14H14s04 requires C, 60.42. H. 5.07%); 
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VMax 1680. 1650. 1310 and 1125 cm; 6 (CDC130 
200 MHz ) 6.68 (2H,a), 3.66-3.62 	(211,bs), 3.39-3.29 (211. 
in), 	3.09-2.93 (4H,m) and 	2.1111-2.11 (lUl, 	m); 
(CDC13 ) 	198.84, 1111.12, 139.35. 	50.02, 46.39. 41.99 
and 22.21 ; 	rn/a 278 	(M), 214. 	184, 	158, 127. 	100 and 
85 	(base). 
9. 	Preparation 	of 	9,l0-Disulphonylphenyl-A-thia- 
tricyclo[5. 11.0. 2, 6-]undec-1(7)-ene-L1, 4-dioxide 
6, 7-Dimethylene-3-thiabicyclo[3. 2. 0]heptane-
-3,3-dioxide 	(229 	mg, 	1.35 	nimol) 	and 
E-1,2-disulphonylphenylethene (4114 mg, 1.34 mmol) were 
heated at ref].ux in chloroform (25 inl),the solids were 
seen to dissolve and heating was continued for 24 h. The 
chloroform was reduced to -c&,  5 inl and trituration with 
ether gave a solid that was recrystallised from methanol 
to 	give 	9, 1O-disulphonylphenyl-1&-thiatricyclo- 
[5.4.0. 0Z,6] undec_1(7)_ene_14. 4-dioxide as a colourless 
crystalline solid (525 mg, 81%), M.P. 	204-2060C 
(Found: M-302 414.0952. C22322S 204 requires 
1114.0959); umax 3050. 1595. 1325. 1295. 1140, 1125, 
720, 690 and 635 cm; 8 11 (CDC13, 200 MHz) 
7.90-7.54110H, in), 11.02 (2H,m), 3.51 (2H,m), 3.25-3.05 
(2H,m) and 2.87-2.30 (6H,m); & C  (CDC13) 140.53. 
140.35, 1110.91, 137.111, 134.74, 134.42, 13 11.37, 	129.65, 
129. 119, 128.51, 	128.38, 	56.03, 	55.80, 	119.80, 	40.77, 
110.65, 20.18 and 20.07 ; rn/a 1114 (M-S0 2 . base). 
387, 367, 3118, 336 and 317. 
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10. Preparation of 4_Thi atricyclo(5.4.0.0 2 96]UrldeCa_ 
-1(7), 9-diene-4, IL-dioxide 
Following the method of De ].uchi et 	a]. 110, 
9, 10-disulphonylphenyl-LL-thiatricyclO[5. 4.0. 2. 6]_ 
undec-1(7)-ene -1I,4 -dioxide (633 mg, 1.32 nunol) and 
sodium dihydrogen orthophosphate (3 g, 0.025 mol ) were 
added to methanol and stirred under nitrogen at room 
temperature. To this, 2% sodium amalgam (12 g, 10.5 
mmol) was added slowly and the reaction was stirred at 
room temperature for a further 10 h. The mixture was 
then filtered and the filtrate was added to 80% 
saturated brine 	(90 ml) 	and 	extracted 	with 
dichioromethane (IL X 30 ml). The organic phases were 
combined,dried and reduced in vacuo to a solid that 
was recrystallised from diisopropyl ether to give 
4-thiatrlcyclo(5. 4.0.02, 6 )undeca-1(7) . 9-diene-LL, IL-
dioxide as a colourless crystalline solid (210 mg, 81%) 
m.p. 131-1330C 	(Found: C. 61.00; H.6.05. 
C10 H12 502 requires C. 61.19 H. 6.16 %); umax  
1625, 1295, 11.40 and 1130 cm; & 	(CDC1 3 . 200 
MHz) 5.73 (211,$), 3.611 (211, be), 3.15-2.86 (4H,m) and 
2.59 (1111, 	); 	c (CDC1 3 ) 	1111.83. 	124.110, 	50.51. 
112.08 and 23.96; m/z 196 (M 4 ). 193. 186, 181, 169, 1113 
and 131 (base). 
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FVP of 6,7-Dimetlwlene-3-thiabicyclO[3.2.0) --
heptane-3,3-dioxide. Preparation of [4]Dendralene 
Prior to pyrolysis the inside of the trap was rinsed 
with a solution of galvinoxyl (10 nig) in acetone (25 ml) 
and dried at room temperature in a current of air. 
6,7-Dimethylene-3-thiabicyc].o[3.2.0]hePtafle -3.3-
-dioxide was pyrolysed (31 mg 0.18 mmol, 550 °C, 
9 x 10 mmHg . inlet 850C) to give a liquid in the 
trap. The mixture of [4]dendralene and sulphur dioxide 
was flash distilled (r.t. at 0.05 mmHg) from the trap 
and the sulphur dioxide was separated by evacuating to 
0.05 mmHg while cooled at 	400C (liquid nitrogen 
slush bath of chlorobenzene) to give 3,4-dimethylene-
hexa-1.5-diene (16 mg, 83%) as a clear liquid admixed 
with galvinoxyl free radical. um 	(gaseous) 3100. 
3095, 3010, 1595, 1585, 985, 910 and 900 cm-1 ; 
&H(CDC13. 360 MHz ) 6.43 (21!. dd. 3 17.30 and 10.50 
Hz), 5.24(2H, m), 5.18(2H, d, .1 17.3 Hz), 5.10(21!, d, 3 
10.5 Hz) and 5.05(21!, m); 6c  (CDC13. d.e.p.t.) 
137.30, 117.47 and 116.33. 
FVP of Diethyl 4_Thiatricyclo(5.11.0.0 2 1 6 1_ 
undec-1 (7) -ene-IL • I&-dioxide-9, lO-dicarboxylate 
Pyrolysis of the title compound (45 mg, 0.13 nunol. 
5500C. 8x10 3 mmHg, inlet 1300C) gave a liquid in 
the trap that was distilled (100-110 0C at 0.05 mmHg) 
to give diethyl 1,2,3,4,6,7-hexahydronaphtha-2,3-diOate 
- 101 - 
as a colourless liquid (33 ins, 90%). umax (neat) 2950. 
2850, 1735, 1440, 1370, 1200 and 1035 cm; 6 
(cDC13 ) 	5.67 	(2H. 	a). 	4.13 	(1411. • -q, 	3 7.1 Hz), 
3.08-2.97 (2H. in), 2.68-2.113 (1111, in), 2.21-2.08 (1111, 	in) 
and 1.22 (611, t, 3 7.1 Hz); 6 	(CDC13. d.e.p.t. ) 
127.23, 1214.06, 60.33, 40.20, 40.05, 30.33, 28.55, 
27.42, 22.68 and 13.93; m/z 278 (M), 249, 233. 	132 
and 131 (base). 
13. FVP of 10, i2-Dioxo-11-phen,l-11-aza-L4-thiatetra-
cyclo[7.5.0.02,6.09,l3]tetradec_1(7)_ene_ 
-li. 4-dioxide 
Pyrolysis of the title compound (122 ins. 0.36 mmol, 
5000C, 9x103 mm g , inlet 2000C) gave rise to a 
colourless solid m.p. 105-1090C, 	that 	had 	the 
spectroscopic properties consistent with 11,6-dioxo-5- 
-phenl-5-azatricyclo(7. 4.0. 	7ltrideca-1(13) , 9-diene 
(77 mg, 78%), (Found: M' 279.1259. C 1 811 17NO2 
requires 279.1259 ); vmax  1705, 1595, 1495, 1180, 745 
and 690 cm; S11 (CDC13) 7. 143-7.13 (511, in). 
5.80-5.51 (211, in), 3.30-3.20 (211, in) and 2.80-1.90 (811, 
M); 6C (CDC1 3 ) 178.59. 178.33, 134.90, 132.01. 
130.67, 128.92, 128.36, 126.33, 126.21, 122.31, 110.111, 
39.99, 29.83, 29.63 and 22.37; m/z 279 (M), 244, 122, 
84 and 83 (base). 
- 102 - 
ilL. 	FVP of Methyl 
undec-1(7)-ene - 4, LL-dioxide-9 -carboxylate 
Pyrolysis of the title compound (60 mg, 0.23 mmol, 
5000C. 9x103 mmHg , inlet 120 0C) gave rise to a 
liquid in the trap that was distilled (80-85 0C at 0.05 
nnnffg) to give a colourless liquid with the spectroscopic 
properties consistent with methyl 1,2,3.4,6,7-hexahydro-
naphth-2-oata (38 mg, 85%), (Found: M' 192.1150. 
C12 H 1 602 requires 192.1150.); Vm&x  1730. 1600 
and 1215 cm-1 ; SH (CDC1 3 , 200 MHz) 5.50-5.30 (2ff. 
m), 3.67 (3ff, a) and 3.01-1.70 (11ff. m); & 	(CDC13) 
175.69, 13 1 .13, 132.62, 1211.15, 	119.83, 	51. 117, 	39.911, 
33.20, 30.55, 28.20, 25.76 and 23.07; m/z 192 (M), 
191, 1.590 131, 85 and 83 (base). 
15. PVP of Methyl 
-1(7) • 9-diane-IL, IL-djoxjde-9-carboxylate at 550C 
Pyrolysis of the title compound (16 mg. 0.063 mmol, 
5500C, 9x103 mmHg,  inlet 135 0C) gave rise to a 
colourless oil that had the spectroscopic properties 
consistent with a mixture of methyl. 1,4,6,7-tetrahydro-
naphth-2-oate, 	methyl 	5, 6-dihydronaphth-2-oate and 
methyl 7,8-dihydronaphth -2 -oate in the ratio of 6:1:1 
respectively as determined by 1H n.m.r. (8 mg. 67%). 
The signals emanating from methyl 1,I.6,7-tetrahydro -
naphth-2-oate could be assigned as follows: 
(CDC13 ) 6.98 (in, dd. .1 3.7 and 1.6 Hz). 7.3 (2ff. d. 3 
103 
2.11 Hz), 3.711 (31i, a), 2.90 (411, in) and 	2.111 	(1111, 	in); 
c (CDC1 3 ) 129.31, 	126.25, 	124.7 1 , 32.12, 30.10. 
26.96 and 22.67. 
FVP of Methyl. 
undeca-1 (7) , 9-diene-4, 1&-dioxide-9-carboxylate 
At 7000C 
Pyrolysis of the title compound (30 mg, 0.12 nimol, 
7000C, 9x103 mmHg. inlet 125-1300C) gave rise to 
an oil in the trap that was identified by H and 
n.m.r. as being an equimolar mixture of 	methyl 
5,6-dihydronaphth-2-oate and 	methyl 7,8-dihydro- 
naphth-2-oate (20 mg 89%). SH (CDC13) 7.88-7.68 
(2H. in), 7.19-7.00 (XH, in), 6.56-6.08 (2H. in), 3.89 (311. 
a), 2.97-2.75 (211. in) and 2.114-2.33 (2W 	in); 
(CDC13, d.e.p.t.) 131.51, 129.26, 128.38, 127.97. 
127.91, 127.37, 127.12, 126.59, 125.49 	51.72, 27.113, 
26.98, 22.96 and 22.611. 
Preparation of Methyl Naphth-2--oate by Oxidation 
of a Mixture of Dihydro Derivatives 
An equimolar mixture of methyl 5,6-dihydronaphth-
-2-oate and methyl 7,8-dihydronaphth-2--oate (20 mg, 0.11 
inmo].) was dissolved in benzene (10 ml). Dichlorodicyano-
benzoquinone (211 mg, 0.11 mmol) was added and the 
reaction mixture was stirred at room temperature for 18 
h. The mixture was filtered and the filtrate was reduced 
P 
- lOLL - 
in vacuo to a solid that was chromatographed over 
silica gel to give methyl naphth-2-oate 	as a 
colourless crystalline solid (iLL mg, 74%) m.p. 77-780C 
(11t. 111 760C) 5H (CDC 1 3 ) 8.60 (1H. a). 8.13 
(111, dd, J 8.6 and 1.6 Hz), 7.90-7.54 (5H. m) and 3.97 
(3H. a). 
F. 	Reactions Towards the Preparation of 6,7-Dioxo- 
-3-thiabicyclo[3. 2. 0]heptane-3, 3-dioxide 
1. 	Preparation of Tetrachloroethylenecarbonate 
Tetraehloroethylenecarbonate was prepared by the 
method of Scharf et al 112 • A solution of ethylene 
carbonate (35 g, 0.11 mol) in cabon tetrachloride ( 500 
ml) was irradiated through quartz at 1100 W. The solution 
was heated to ref lux and a stream of dry chlorine gas 
was introduced at such a rate as to maintain a gentle 
reflux. The reaction was followed by 1H n.m.r. and 
after 5.5 h. it was evident, by a complete absence of 
proton signala,that the reaction had reached completion. 
The solvent was then removed in vacuo and the residue 
was distilled (75-800C at 	30 	mmlfg.') 	to 	give 
tetrachloroethylenecarbonate as a colourless liquid 
(71.83 g, 80%) (,i t.  112. b.p. 78-800C at 35 mmHg.); 
'max 1880. 1810, 1180, 1030. 1005, 910 and 780 cm- I; 
Sc (CDC13) 1112.83 and 113.59. 
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Preparation of Dichlorovinylenecaz'bonate 
Dichiorovinylenecarbonate was prepared by the method 
of Scharf at a1 22 . A solution of tetz'achloroethylene-
carbonate (71.5 g, 0.32 mol) and dimeth'lformamide (1. 
ml)in sodium-dried ether (200 ml) was heated to reflux. 
Zinc/copper couple (61 g ) was added in portions at such 
a rate as to maintain a gentle ref lux. The heating was 
continued at reflux and the extent of reaction was 
determined at Ca. 30 mm. intervals by G.C. (S-E. 30. 
10000. After 4 h. a final 5 g. of zinc/copper couple 
was added to complete the reaction. 
After cooling to room temperature the reaction 
mixture was filtered and the solid residues were washed 
with hot ether (4 X 50 ml). The filtrate and washings 
were combined, dried and reduced in vacuo to an oil 
that was distilled ( 55-60°C at 200 mnhifg.) to give 
dichlorovinylene carbonate as colourless liquid that 
solidified, when cooled in an ice bath, to a colourless 
solid ( 23.5 g, 489), m.p. 19-21 0C 	(lit. 112 . 
19. 50C) Vmax 1845, 1315, 1300, 1200. 1170, 1145, 
1035, 970. 905 and 730 cm-1; S (CDC13) 146.62 and 
113-52. 
Preparation of 2,6-Dichloro-4-oxo-3,5 -dioxa-9-
thiatricyclo[5. 3.0. o2, 6 ]decane9 9-dioxide 
A solution of butadiene sulphona (ig, 8.5 mmol), 
dichiorovinylene carbonate (1.96 g, 12.65 mmol) and 
- 106 - 
acetophenone (1 ml) in chloroform (5 ml 	) 	was 
irradiated through quartz at 110 W. for 60 h. The 
chloroform was then removed in vacuo to leave a brown 
gum that was triturated with ether. The etherial 
solution upon slow evaporation gave rise to 
2, 6-dichloro-IL-oxo-3, 5-dioxa-9-thiatricyclo-
[5.3.0.02'6ldecane_9,9_dioxide as 	a 	colourles8 
crystalline solid (115 mg, 5%), 	M.P. 	205-2090C 
(lit- 113 197-2000C); umax 1845, 1315. 1300, 1200, 
1170, 1145, 1035. 970, 905 and 730 cm; 	S 
((cD3 ) 2co] 4.36-4.27 (211. rn). 3.57-3.47 (411. m); 
SC [(CD3 ) 2 CO 3 d.e.p.t.] 4 560 and 46.45. 
4. Preparation of 	4-Oxo-3.5-dioxa-9-thiatricyalo- 
(5.3.0. C)ZJ 61c1ecane-9, 9-dioxide 
A solution of butadiene suiphone (30 at 0.25 mol) 
and vinylene carbonate (19.8 g, 0.23 mol) in acetone 
(600 ml) was irradiated through quartz at 400 W. for 48 
h. The acetone was then removed in vacuo and gave rise 
to a solid that was washed with chloroform (IL X 30 ml) 
to give IL-axo-3,5-djaxa-9-tfljatrjcycla[5. 3.0.02]_ 
decane-9,9-dioxideag a colourless solid (1.76 g, 4%) 
M.P. 158-1630C; v max  1840. 1785. 1320 and 	1135 
cm-1 ; S ((CD3)2C0 • 200 MHz)] 5.15 (211. d. 3 
0.5Hz). 3.55-3.52 (211. m) and 3.49-3.29 (411, in); SC 
((CD3 ) 2co] 154.22. 77.39, 50.52 and 39.39; m/z 205 
(M4 .1), 131, 118 and 86 (base). 
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5. 	Preparation of cia -6,7 -Dihydroxy- 3- thiabicyclo - 
(3.2. 0]heptane-3, 3-dioxide 
Following the method of Hartman and Steinmetzh 14 
LL-oxo-3, 
9,9-dioxide (581 mg, 2.85 mmol) was dissolved with 
heating in 2M aqueous sodium hydroxide (20 ml) and 
heated on a steam bath for 1 h. After cooling, the 
solution was acidified to PH 5-6 with 2M hydrochloric 
acid during which effervesence was observed. The aqueous 
phase was then transferred to a continuous extraction 
apparatus. A continuous extraction with chloroform was 
performed for 48 h. The chloroform was removed in 
vacuo to give cis-6,7-dihydroxy-3-thiabicyclo-
[3.2.0]heptane-3,3-dioxide as a colourless crystalline 
solid (262 mg, 52%), m.p. 107-110 0C (Found: M 
178.0300. C6H10504 requir 
3440, 3340, 1295, 1285, 
H [(CD3 ) 2 C0. 200 MHz] 4.40 
(2H, d, .1 1.39 Hz) and 
((CD3 ) 2co] 7013, 51.83 and 
143, 60 and 57 (base). 
s 178.0305); 
1130 and 
(211. be. exch 
3.28-2.94 (6 
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DISCUSSION 
It was mentioned in the introduction that the 
photocycloadduct (3) of butadiene suiphone (1) and 
maleic anhydride (2), has been the subject of extensive 
investigations in these laboratories. 	The central 
feature of these studies has been the thermal behaviour 
of (3) under the conditions of flash vacuum pyrolysis. 
Using this technique, the extrusion of sulphur dioxide 
can be effected to afford new diene systems. 
McLaughlin 1 showed that the extrusion was highly 
stereospecific, giving rise to the 	cis-divinyl 











The spade], relationship of the fused ring 
system of 	(3) 	has 	been 	assigned 	the anti 
configuration1. 
(142) 
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O 'S 
(3) 
This assignment has followed from an examination' 
of its IL-line 3C-n.m.r. spectrum which is indicative 
of either a awn or anti relationship. In addition, 
the N-phenylimide system (142) was prepared from (3) 
and crystals suitable for X-ray analysis were obtained. 
The results of the X-ray studies confirmed the anti 
structure shown, and it seems reasonable to assume that 
the conversion of (3) into (142) 	proceeded with 
retention. 
All experimental data from the pyrolysis of (3) 
showed the product to be a single component (IL ) 
Hydrolysis to the diacid (143) followed by catalytic 
hydrogenation, gave rise to meao-3, IL-diethylsuccinic 
acid (144) as evidenced by its melting point 190-1910C 
(1it. 82 , m.p. 192 0C). 
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H 2 R4/C 	 CO2H 
(4) 	0 	 (144) 
Scheme 57 
The racemic form could only occur if (11) was 
trans-disubstituted. This then corroborates the 
proposal that the extrusion of sulphur dioxide is a 
steraoapecific proces s. and is line with the findings of 
Mock 19 who studied similar 2e+ O 284O 2s reactions 
(Scheme 8, page 8). 
Buchan 3, in a continuation of this work, 
pyrolysed a number of acyclic derivatives of (3) and 
found the products to be the E,Z-15-dienea, for example 
the conversion of (42) to (ILiL) (Scheme 23, page 22). The 
atez'eospecificity was in excess of 909, thus compounding 
the specificity of the overall sequence. 
The synthetic utility of (3) is therefore a 
combination of the potential for facile derivatisation 
at the 6,7-position, coupled with its ability to 
generate new diene systems, as a consequence of its 
extrusion chemistry. 
The intention of this project was to further 
develop this utility, in particular it was intended to 
prepare a number of cyclic derivatives of the general 
type (146), by exploiting the functionality of the 
6,7-position. Extrusion of sulphur dioxide from these 
- 11.2 - 
systems, would give rise to diviflyl structures (1147). 
whereby the feaabilitY of the Cope ring expansion could 
be tested for various values of n (Scheme 58). 
X 
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In this way it was hoped to develop a new route 
to macrocycles. As discussed in the introduction though, 
a barrier exists to this highly desirable expansion 
when n-i. and 2 (Scheme 58). i.e. when the system is a 
cyclopentane or a cycloheXafle. However as was also 
highlighted in the introduction, a judicious choice of 
substitUents X and '1 can significantly improve the 
possibility of this expansion occurring. 
For the purposes 	of 	preparing 
tricyclic 
suiphofles of the general type (1146), 	it was 
decided 	to 
adopt three main strategies. 
1. Cycloalkylattons employing (151) 	as a bis 
alectrophile (Scheme 59). 
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Cycloalkylat ions employing (42) as 	a 	bia 
nucleophile (Scheme 60). 
Cycloaddjtjona 	employing 	(149) 	as 	an 
annelating reagent, whereby the tricyclic product would 
possess electron-withdrawing groups (Scheme 61). 
In addition to the above, it was intended to 
focus attention on 6.7-dimethylene-3-thjabicyclo[3.2.0]_ 
heptane-3,3-dioxide as a tandem annelating reagent 
(Scheme 62). 
00-1 
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(42) 	 E 
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Scheme 60 
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(149) 	 ECO 2 Me 
Scheme 61 
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Scheme 62 
1. a The Cycloallwlation of Malonic Ester 
The cycloa2.kylation of activated methylene 
compounds has long been a method for the preparation of 
carbocycles. It was anticipated that the reaction of 
malonic ester with the ditosylate (151) (Scheme 63) 
would give rise to the tricyclic suiphone (152). 
o2s/1__t''0_Ts 	CH2E2 	.. C:::)< 
E=CO 2 Et 
(152) 
Scheme 63 
The preparation of (151) from the cycloadduct 
(3) was undertaken for this purpose. (3) was prepared 
following the method of Shaikrazieva et a183 by 
the photolysis of an equimolax' solution of (1) and (2) 
in acetone. First prepared in 1972, it is interesting to 
note that this compound has shown some activity as a 
plant growth inhibitor 8 . The esterification of (3) to 
the dimethyl eater (42) proceeded smoothly, by simply 
- 115 - 
boiling a methanolic solution of (3) in the presence of 
a catalytic amount of concentrated sulphuric acid. 









The reduction of (11.2) to the corresponding diol 
(153), was achieved by treatment with lithium aluminium 
hydride in THY. The yields from this reaction were 
generally in the region of 60-70%, but could be improved 
by extracting the inorganic salts for 11.8 h with THY 
in a Joxhiet apparatus. 
,Cff,, CO2Me 
LITHAL 




Esterification of (153) to the ditosylate (151) 
was possible by the reaction with tosyl chloride in 
pyridine at 0 0C. However at this temperature. 
dehydration to the fused furan system (15 1 .) was a 
competing reaction (Scheme 66). 
- 116 - 
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(153) 	 (151) 	 (154) 
Scheme 66 
Cyclic ether formation could be kept to a 
minimum, by maintaining the temperature at -10 0C and 
carrying out the reaction with a three-fold excess of 
tosyl ch1oride 8 . Under these conditions, formation of 
the ditosylate (151) was usually achieved in yields of 
85-90%. 
A number of combinations of base and solvent 
were attempted to effect the ring closure shown in 
Scheme 63. For example Nail-induced cycloalkylation of 
malonic ester in THF. reported by Frazza and Roberta86 
as a successful system, did not prove to be a suitable 
choice. It transpired that the only combination to give 
any measure of success was sodium ethoxide in ethanol. 
However even with this base system, a yield of less than 
10% did not encourage any further modifications. This 
observation of a low yield serves to illustrate the 
inherent disadvantage in the use of a bis electrophile 
such as (151). It is a property of these compounds to 
undergo biselimination. which in the case of (151) gives 
rise to the dimethylene sulphone (150) (Scheme 67). 
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(150) has the potential of a tandem annelation 
reagent and has been the subj ect of other studies to be 
reported in a later section. In most cases, the 
isolation of (150) from the attempted cycloalkylations 
was not feasable, due primarily to its propensity for 
polymerisation, but its presence was always detected 
by thin-layer chromatography. 
However preparation of (152) was achieved, 
albeit in low yield, and its behaviour under the 
conditions of flash vacuum pyrolysis was of interest. 
b. Flash Vacuum Pyrolysis of Diethyl 4-Thiatricyclo-
(5.3.0. 	6]ciecane-4. 4-dioxide-9, 9-dicax'boxylate 
FVP of the title compound (152) gave rise to the 
divinyl cyclopentane system (155) in a yield of 70% 
(Scheme 68). 
FVP 	 1CO2Eb
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The structure of (155) was determined by an 
examination of the spectral and analytical data, but for 
complete validation it was decided to prepare (155) by 
an independent synthesis from (A), the pyrolysis product 
of (3). For this purpose the pyrolysis of (3) was 
carried out at 650 0C on a preparative scale (15 g). At 
this temperature the formation of (LI) was a simple and 
straightforward process, giving rise to a pure sample 
after bulb-to--bulb distillation. Reduction of (LI) to the 
corresponding diol (156). was achieved in 80% yield by 
treatment with lithium aluminium hydride in THF (Scheme 
69). 
X0 LITHAL THE : 
 1~ 





The above transformation is in marked contrast 
to the attempted reduction of (3) to the diol (153). For 
this reason (153) was always prepared via the dimethyl 
ester (112). Esterification to the ditosylate (157) was 
effected by reacting (156) with an excess of tosyl 
chloride in pyridine at 0°C (Scheme 70). 
- 119 - 
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The yield of (157) was 78% as dehydration to 
form the divinyl furan (158) did not occur to any extent, 
contrasting once again with the behaviour of the 
corresponding suiphone. 
OH C- COH  Is Cl Pyr CO 
(158) 
Scheme 71 
The reaction of (157) with malonic ester, after 
treatment with sodium ethoxide, gave rise to the 
divinylcyclopentane system (155).(Scheme 72). and it was 
found by n.m.r. and G.C. to be identical to the 
pyrolysis product of (152) (Scheme 68). 
:: 	
OTS 
OTs CH 2 (CO2Et)2 
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The result of the pyrolysis experiment (Scheme 
68) was therefore validated by this independent 
synthesis. It also served to demonstrate the particular 
stability that 5-membered rings display towards the Cope 
rearrangement, when the 1,5 -diene moiety exists as the 
unsubstituted function. 
2.a Attempted Cycloalkylation of the Vicinal Dianion 
of Dimethyl 3-Thiabicyclo(3.2.0]heptane-3,3-diOXide--6,7-
d1car'boxylate (42) 
This approach to annelation was prompted by the 
work of Garratt 	 who have shown this 
procedure to be a useful approach to anne].ations. For 
example, the cycloadduct(S1)OE N-phenylmaleimide and 
cyclopentadiane 	- can be annelated via the dianion 
(160). The process involves lithiation, that is followed 
by treatment with a suitable dibromide (Scheme 73) to 
afford the product (162) in 55-60% yield. 










As an initial trial to the suitability of this 
procedure for the annelation of (42). it was decided to 
attempt a monoalkylatiOn with methyl iodide 
(Scheme 74). 
The base chosen for the deprotonatiOn step, was lithium 
bis(trimethVlSi1Vlemi) that Takayalfla et 
	alsa 
has shown to be a most effective reagent. 
2 	CO2Me i, L1N(TMS)2 
O2SJJ. Me 





The results from these model studies were found 
to be disappointing. inethylatiOfl being achieved in less 
than 10% yield. Indeed when a cycloalkylation was 
attempted with dibromoProPane, it was the allyl product 
2L1 
(164) that resulted. This is attributed to the initial 
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substitution being followed by elimination to the allyl 
system (Scheme 75). 
CO2Me CO 2 Me 






b. Attempted Annelation of Dimethyl Hexa-1,5-diene 
-3, LL-dicarboxylate 
Following the results of the dianion annelation 
attempts, it was decided to investigate the possibility 
of cyclóalkylating the extrusion analogue of (42) viz 
dimethyl hexa-1, 5-diene-3, L&-dicarboxylate (Scheme 76). 
0 
'I 








It was anticipated that (43) would prove to be 
a useful 	synthon 	for 	the 	preparation 	of 
divinylcycloalkanes, in which the 1 5-diene moiety is 
substituted at 3,4-position (Scheme 77). 
- 123 - 
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However it transpired that treatment of (43) 
with two equivalents of lithium diiaopropylamide 
followed by aqueous workup, resulted in base-induced 
isomerisation to the 2,4-hexadiene system (166) 
CO2M e 	2LDA 
	 CO2 Me 







This result was observed previously by Buchan 3 
and, in retrospect, is not wholly unexpected as there is 
a thermodynamic preference for these conjugated 
systems95 . It was decided to capitallise on this 
reaction by attempting the preparation of a number of 
1.6-symmetrically disubstituted 	2,4-hexadienes. 	The 
anticipated course of such a reaction is viewed as 
proceeding via initial deprotonation to the dianion 
(167), which can then undergo remote alkylation to 
afford the desired product. 
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-0O2Me 	 CO2Me 	R 	CO 2 Me 
L.SCOM 	
2LDA 	 2RX 
CO 2Me 	P aCO2Me 
(43) 	 (167) 	 (168) R=Me 
Scheme 79 	 83% 
The initial preparation was of the dimethylated 
compound (168). The procedure involved treating (11.3) 
with two equivalents of LDA at -78 0C, methyl iodide 
was added and then the reaction mixture was allowed to 
warm to room temperature. Workup was followed by 
microdjatj].latjon that gave (168) in 83% yield. The 
dibenzylated product (169) and the product (170) from 
the reaction with 3-methylbenzyl bromide, were 
obtained similarly (Scheme 80). The yields of the latter 
products were only moderate, (166) being formed as a 
side product from the aqueous workup. 
	
CO2Me 	I, 2LDA 
-'CO2Me 	ii, 2RX 	c 	RL CO2Me 
(113) 











To finalise these studies, it was decided to 
attempt an annelation reaction to extend the scope of 
this procedure. It was hoped to effect the preparation 
of the ten-membered ring (171) by the reaction with 
O,O.'_jbrotnO-orthO-(Ylefle (Scheme 81). However this 








E= CO2 Me 
Scheme 81 
In this particular case it appears that remote 
alkylatiOn follows, or is followed by, alkylatiOrt at the 









Fiz. 10 50.3 MHz 23C-n.m.X'. spectrum of dimeth'1 
A-vinyl-I., 2-benzocyclOOcta-1, 5-diene-LL, 5-dicarbOxylate. 
E=C O 2 Me 
i4, 	 IO4 40 	 io 
The geometry about the double bonds of compounds 
(166) and (168) to (170) was of interest. The empirical 
assessment would be to assign a trans,trana- 
arrangement, for the simple reason that this is the most 
favourable from a thermodynamic point of view 115 . The 
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13C-n.m.r. (d.e.p.t.) spectrum of (166) consists of 
only three lines, indicative of a trans,trans- or 
cis,cis-arrangement (Fig. 11). 	The 	symmetrical 
nature of these compounds is therefore unambiguous, but 
to eliminate the possibility of cis,cis-geometry, it 
was necessary to study the C-H coupling constant across 




R 	R I 
R" 	 OR 
 )RW
c=c  
As shown, two possibilities exist and would 
result in very different vaiues 6 . 	Indeed the 
magnitude of these C-H coupling constants is a fairly 
reliable method for determining cis- or trans-
geometry 6 , particularly when steric constraints are 
minimised and electronegative substituents are accounted 
for. In general when the orientation of the coupled 
nuclei are cis, the values are in the range 14.3-10 Hz 
and are commonly 6.5-7.5 Hz. By comparison the values 
for nuclei orientated trans to each other lie in the 
range 9.5-16.9 and are commonly found to be 13-15 Hz. 
For example, the two unsaturated esters (173) and (1714) 
have very different C-H coupling constants as shown6. 
















This corresponds to similar findings by Vogeli 
and Von Philipsborn 97 and techniques such as these are 
reviewed by Hansen 8 . The recorded value for the same 
C-H splitting in (166) is 7.48 Hz, and therefore on this 
basis the orientation of the nuclei must be cis. and 
the configuration of both double bonds can be assigned 
as E. Similarly the magnitude of the C-H coupling 
constant in (169) was recorded as 6.26 Hz, which is also 




(166) 	 (169) 
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Fig. 11 50.3 MHz 13c-n.in.r. (ci.e.p.t.) spectrum of 
dimethyl E.E-hexa-2.4-diene - 3. 4-dlcarboxylate- 
liv 
 
lb. 	 /0 	 16 	'00 	 40 
Fix. 12 50.3 MHz 13C-n.m.r. spectrum of dimethyl 




E=C 02  Me 
ièo 	 •Io 40 	
I00 	 0 40 	 40 
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Another method, developed by Matter et 
a199 , is available for the determination of double 
bond configuration. This technique, while not as 
rigorous as the above approach, is more convenient as it 
concerns the chemical shifts of the vinyl protons. 
therefore not requiring the long aquisition times 
demanded of 3C-n.m.r. spectroscopy. The chemical 
shift of the olefinic proton is estimated by the use of 
additive increments from a list of common substituents. 
(Fig. 13) 
Me. 	CO 2 Me 
Me 	CO2Me 
(168) 
&H=525 e Zgem Zeis + Ztrans 
Zgem 	 Zcis 
Ethyl 	 0.115 	 -0.22 
C=C (con) 	1.211 	 0.02 
CO 2Me 	 0.80 	 1.18 
Z geometry: 6H(eatimated)=6.27 ppm 







The chemical shift of the olefinic proton in 
(168) was found to be 6.68 ppm, thus (168) can be 
considered to have the same E,E-configUl'atiOfl as (166) 
and (169). It does not appear unreasonable to assign the 
same arrangement to (170), as it was prepared in an 
identical manner. 
It is interesting to note in passing that the 
1,3_butadiene-2,3-diCarbOxYlate moiety present in these 
compounds, and also reported to exist in a number of 
structures held on the Cambridge database,100104 can 
be 	regarded 	as 	tetrasubstituted 	1,6-dioxa- 
[4]dendralenes. 	The structure 	of 	the 	parent 
(Ll]dendralene will be discussed in a later section. 
X)R 




	 R=R' =H 
=Me 
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3. Preparation of Cyclic Suiphones Possessing An 
Electron Deficient Double Bond 
These investigations were directed towards the 
preparation of annelating reagents capable of forming 
tricyclic suiphones via cycloaddition reactions. The 
bicyclic suiphone (176) prepared by Mclaughlin 1 , was 
envisaged as a synthon for the preparation of a range of 
divinyl cycloalkanes (Scheme 83). 
02 scll - 02 S"JJ 	FV P Z 
(176) 
Scheme 83 
(176) was prepared by the bin-decarboxylation of 
the diacid (175) using lead tetraacetate in 









However it was found 1 that although (176) 
- proved to be an effective dipolarophj].e, giving rise to 
a number of heterocyclic compounds, it did not afford 
six-membered rings via the Dials-Alder reaction. To 
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overcome this limitation, it was decided to prepare 
derivatives of (176), in which electron-withdrawing 
groups at the 6,7-position would confer reactivity on 
the double bond, with respect to [4+2] cycloaddition. 
a. Preparation of 	Dimethyl 	3-Thiabicyclo(3.2.0]- 
hept-6-ene-3, 3-dioxide-6, 7-dicarboxy].ate (149) 
A suitable reagent for these studies is the 
formal photocycloadduct of butadiene sulphone and 
dimethyl acetylenedicarboxylate (DMAD) (Scheme 85). 
CO2Me  
hv 	 CO2Me 





The photoinduced cycloaddition of DMAD is a 
recognised procedure for 	the 	preparation 	of 
cyclobutenes 117. 118 . However the reaction often 
requires a large excess of the acetylene, and gives rise 
to dimers of DMAD as a consequence. When the reaction in 
Scheme 85 was attempted under various conditions, no 
evidence for the formation of (149) was observed. The 
desirability of (149) encouraged the search for an 
alternative synthesis. 
Scharf et al 	107 describe the use of 
dichioromaleic anhydride an an acetylene equivalent. In 
this work, dichioromaleic anhydride has been shown to 
134 
react with a range of olefins 119 to form fused 
cyclobutane systems. Subsequent treatment with activated 
zinc effects dechlorination to afford the cyclobutene 
structure. For example, cyclohexene (177) was photolysed 
with dichloromaleic anhydride (178) In dioxane with 
benzophenOfle as eensitiserl 08 . After hydrolysis, the 
photoadduct (179) was then treated with zinc to give 
(180), which is the formal cycloadduct of (177) with 
DMAD. 
 C[ 0 
o + :: 	hV O  C 11 
(177) 	 (178) 	 I,ROH (179) 
ii, Zn / 
(180) 
Scheme 86 
It was hoped to repeat the above transformation 
on butadiene suiphone for the preparation of (149). 
Shaikhrazieva et al 83 report the preparation of 
6, 7-dichloro-3-thiabicyclO[3. 2. O]heptane-3. 3-dioxide-6, 7 
-dicarboxylic 	acid 	anhydride 	(181) 	by 	the 
photosenaitised reaction of butadiene suiphone and (178) 
in chloroform. 










(178) 	 (181) 
Scheme 87 
The lIterature83 reports a 111% yield of (181). 
but it was found that this could be trebled by 
increasing the concentration by 50%. The optimised yield 
of (181) was 43% and the anhydride was easily converted 
to the diester (182) by heating a methanolic solution of 
(181) in the presence of a catalytic amount of sulphuric 













The yield of (182) was generally in the region 
of 759 which is low by comparison to similar 
esterifications. To improve 	the yield of 	this 
transformation, base promoted 0-methylation with 
methyl iodide 120 was investigated, but no improvement 
was realised (Scheme 89). 



















Initial attempts at the dechlorination shown in 
Scheme 90 met with little success. Extensive heating in 
diethyl ether with zinc, activated as a zinc/copper 
couple, and in the presence of DMF did afford the 
expected product, as determined by 13C - n.m.r. 
spectroscopy, but the extent of conversion was only 50%. 
Repeating the reaction in THF, to achieve a higher 
reaction temperature and a concomitant increase in 













It was found that the reaction is best performed 
in ref ].uxing benzene with the addition of a catalytic 
amount of DMF, but even with these conditions it did not 
prove possible to isolate an analytically-pure sample of 
(1L9). 
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An alternative synthesis of (149) was envisaged 
by the dehydrobrolniflation of the bromoester (187). 
Br 
CO2Me 
2S(JJIIItI O  CO2Me 
(187) 
The preparation of (187) from the broniination of 
(42) with N-bromosuCCinimide was not 	successful. 
Therefore its synthesis was anticipated via the 
cycloadduct (189) of butadiene suiphone and bromomaleic 
anhydride. 
0 BrQ B r 	H 
0 2sJjT o 2sJ + 	 o "•i-:::o 	hv PhCOMe 
II II 
0 	 0 
(1) 	 (188) 	 (189) 
Scheme 91. 
	
The yield of (189) was only 16% but 	its 
esterification proceeded smoothly, giving (187) in 909 










(189) 	 Scheme 92 	 (187) 
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The dehydrobronhination of (187) was achieved 
with 1,8_diazabicyalo[5..0]UfldeC-7-ene (DBU), giving 
rise to (1 1 9). which possessed a 13C—n.ni.r. spectrum 
(Fig. 111) consistent with the product from zinc-induced 
dechlorination of (182). An unidentified impurity is 
evident in Fig jLj, however, and attempts to prepare an 





(187) 	 (1119) 
Scheme 93 
Scharf et a1121.122 report 	that 	the 
preferred reagent for the dechlorination step is nickel 
tetracarbonyl. For example, dimethyl. 3-vinyl-1,2-
dichloroøyclobutafle-1 • 2-dicarboxylate (190) when treated 
with nickel tetracaz'bonyl in benzene with DMF. gave the 
cyclobutene system (191) which rearranged to the 





)_JLE 	Ni 	 110 DMF aE 
\\ 
(190) 	 (191) 	 (192) 
Scheme 94 
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The dechlorination in Scheme 94 does indeed 
precede the rearrangement29 , and 	the subsequent 
migration of the sp2 centre also requires the presence 
of the transition metal. The above ring expansion is a 
rare case of a non-phenyl sp 2 carbon undergoing a net 
(1,3) sigmatropic shift 123 . 
Fig. 14 50.3 MHz 13C-n.m.r. spectrum of Diznethyl 
3-thiabicyclo(3. 2.0] hept-6-ene-3. 3-dioxide-6, 7-
dicarboxvlate 
E=CQ 2 Me 
o2sc 
Id 	 • 	 so 	 po bb 1 	 60, 	 40 	 ad 
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b. Preparation of Methyl 3-Thiabicyclo[3.2.0]hePt -6-
ene-3, 3-dioxide-6-carboX,'].ate (200) 
To obviate the requirement for 	nickel 
tetracarboflyl. 	it was 	decided 	to attempt 	the 
dechlorination of (182) with excess sodium iodide. The 
reaction was envisaged as proceeding via double 
halogen exchange (Finkelstein reaction) to give the 
vic-diiodide (193) which, being 	unstable. ' would 
dehalogenate to the alkene (149) (Scheme 95). 
Cl 	 I 
X 's 
02 CU s:II: 10 	 o2sT[ 	 0 2 E 
Cl I 
	
(182) 	 (193) 	 (149) 
Scheme 95 
However it was found that treatment of (182) 
with an excess of sodium iodide in refluxing butanone, 
gave the product of dehalooarbox7latiOfl (195) in a yield 




__ s"Ti 1 
C1 
02S 	 O2 COM 
CE 	 Cl 
(182) 	 (194) 	 (195) 
Schema 96 
The reaction can be envisaged as proceeding 
via the dealkylated product (194). In retrospect it is 
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not surprising that this reaction should occur, small 
alkyl esters are readily dealkylated by iodide ion126, 
and the dehalocarbOxylatiOn of a -ha].ocarboXylate was 
first identified in 1879 127. Lee 130 has 	since 
adopted this reaction while Cristo]. and Norris 128 have 
shown the elimination to be stereospecific (Scheme 97). 
CO2Na 
Br 	 H 	H 
- 	c=c 
Br 	Acetone 	 / 
Br 	Ph 
Ph 
(196) 	 (197) 
Scheme 97 
Noble et a1129 have studied the kinetics 
of this reaction, but no example of tandem dealkylation, 
dehalocarboxylatiOn exists in the literature. It is 
interesting to note that when employing sodium iodide, 
only the dimethyl ester succumbs to this treatment and 
reaction of the diethyl ester under identical conditions 
returned unreacted starting material. 
It is also of interest to note, that if direct 
hydrolysis of the anhydride (181) to the diacid (183) by 
dissolving in water, is followed by heating at reflux 
then dehalocarboxylatiOn occurs to give the nionoacid 
(198) (Scheme 98). Although (198) was obtained by this 
method, some decomposition was observed and the 
preferred procedure was the iodide-promoted reaction. 
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It was decided to capitalise on this fortuitous 
result, and investigate the potential of (195) as an 
annelatint reagent for the preparation of tricyclic 
suiphones. However when (195) was treated with an excess 
of 1,3-butadiene in a sealed tube at 1100C. no 
reaction was observed. The inabillity of (195) to react 
with butadiene was attributed to the presence of the 
chioro atom, either as a consequence of steric 
interference, or as a result of its ability to donate 
electrons, thereby negating the electron-withdrawing 
effect of the ester function. 
Therefore a dechlorination step was deemed 
necessary, for the transformation of (195) into an 
annelating reagent capable of performing 	(11+2] 
cyc].oadditions. The compound trj-ri-butyltifl hydride is 
widely used to effect such dechiorinatiofle, particularly 
when other sensitive functional groups are present in 
the molecule131 . However this reagent did not prove 
effective when applied to (195) and only unreacted 
chioroenoate was returned. 	Similarly, 	catalytic 
hydrogenation105 was found to be inappropriate, as 
dechlorination was followed by reduction to the 
- 	 - 














Clark and Heath000k106 describe the reductive 
dechlorination of a chioroenoate by the use of activated 
zinc in ethanol. It was found that a modification of 
this method gave rise to the desired product (200) (Fig. 
15). When performed in ethanol. transesterification 
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Ito 	 140 	 13, 
c. FVP and Annelation of Methyl 3-Thiabicyclo(3.2.0.]-
hept-6-ene-3,3-dioxide-6-carboxylate 
Removal of the chloro atom from (195) to give 
(200), did indeed give rise to the desired electron 
deficient double bond. This was evident by its reaction 
with butadiene, whereby (200) assumed the role of the 21T 
electron component and afforded the tricyclic sulphone 
(202) (Fig. 16) in 87% yield (Scheme 101). 
CO2 Me 
O2Me ,f —C 	 _____ 
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Fig. 16 50.3 Mhz 13C-n.m.r. spectrum of methyl 4_thiatri- 
cyclo(S..O.O2.6)undec_9_efle_4.4_diOx eIcax'bo 	5te 
0 CE0 
E=C 02 Me 
2° 
The behaviour of (200) and (202) under the 
conditions of flash vacuum pyrolysis was now of 
interest. It was found that the pyrolysis of (200) at 
5000C. gave rise to a complex mixture that was 
tentatively 	identified 	as 	containing 	methyl 
cyclohexa_1.3_diefle.2CarbO3Wlate 	(204) 	and 	the 
products arising from 1,5-hydrogen shifts (205) and 
(206) by comparison to literature data
108109. The 
reaction can be assumed to proceed by extrusion to the 
haxatriene system (203) that then electrocyclises to 
(204) (Schema 102) 
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RIP  ScEr - 5000c 	 -• L,i 
(200) 	 (203) /204) 
E 	 E 
E= CO2 Me 
(205) 	 (206) 
Scheme 102 
FVP of methyl LL_thiatri0Yc10[5.0.026ec_ 
(202) at 5000C save 
rise to a solid, that by examination of its 13C-
n.m.r. spectrum was found to be a mixture of unreacted 
starting material and the product of sulphur dioxide 
extrusion (207). 
02 STJIiJI FVP - 5000 C 
(202) 	 E=CO2Me 	 (207) 
Scheme 103  
No evidence for a Cope expanded product could be 
discerned. At the higher temperature of 600
0C no 
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complex mixture resulted in which the only identifiable 
product was methyl benzoate, by comparison to an 
authentic sample. The formation of methyl benzoate can 
be rationalised as arising from a retro-Die].s-Alder 
reaction that is followed by extrusion of sulphur 
dioxide and aromatisation. 
As a codicil to these studies, it was decided to 
test the behaviour of the dichloroanhvdride (181) to the 
conditions of FVP. As expected, the extrusion of sulphur 
dioxide proceeded smoothly to give the divinyl system 









The assignment of the meso-configuration 
follows from a comparison to the work of McLaughlin 1 , 
and by the thermal behaviour of its dimethyl ester 
(209). It was found that esterification in ref luxing 
methanol afforded dimethyl E, Z-2, 7-dichloroocta-2, 6-
dienedloate (210) in the absence of E,E or Z,Z isomers. 
1118 
It is reasonable to assume that the 	Cope 
rearrangement occurred via the chair transition state, 
and therefore on this basis (209) can be assigned the 
meso-configuration. 
Fir. 17 50.3 MHz 13C-n.m.r. spectrum of dimethy]. 




lU 	 IfO 	 Mu 	 SO 	 40 
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£1. Preparation of 6,7-Dimethylene-3-ThiabicYClOL3.2.0J 
heptane-3,3-dioxide (150) and its Use as a Masked Form 
of [4]Dendralene (215) 
3,14-Dimethylenehexa-1,5-diene 	(215) 	is 	a 
dehydrodinier of butadiene, and is representative of a 
group of cross-conjugated acyclic po].yolef ins that have 
been termed the dendra].enes 132 . A recent review by 
Hopf133 has helped to popularise this name (Greek, 
dendros=tree) and outlines the central role 	the 
dendralenes have in organic chemistry. The acyclic 
dendralenes complement the annulenes and radialenes, 
that have endo- and exo-cyclic double bonds, as well 
as the fulvenes that possess both types of unsaturation. 
(215) 
It is the synthetic utility of (4]dendralene 
that distinguishes it from this family of polyolefins. 
In theory, (LL]dendralene can undergo two generalised 
Diels-Alder reactions. A diene-transmissive reaction 
(Scheme 106a), or a tandem annelation sequence, 
involving cycloaddition to form the hexatriene system 
(217) which then electrocyclises to (218). In this 
manner, it is conceivable that (A]dendralene could be 
employed in the construction of multiple ring systems 
(Scheme 106b). 
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-y 	 -,,, 	=IY 
---4.::- 
 =Y 
(215) 	 (217) 	 (218) 
Scheme 106b 
(IL)Dendralene was first prepared by Bailey and 
Neilsonh34  by the thermolysis of (219) at 500 0C, 
however in this case (il.)dendralene was only one 
component of a complex mixture. Similarly Garratt et 
1135 pyrolysed the acetate (220) that gave (215) 
after elimination and rearrangement (Scheme 107). 
R::: CR 500° C 	 450°C 	 OAc 
(219) ROAc 	(215) 	 (220) 
Scheme 107 
As well as the above elimination reactions, 
(IL]dendralene has also been prepared by the thermal 
isomex'isation of the bicyclic diene (221) 1 36 . 137 and 
the tricyclic alkene (222)138. 
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iooc 	 180°C 
Ill 
	
(221) 	 (215) 	 (222) 
Scheme 108 
Cope rearrangement of the bisallene (223) at 
temperatures in excess of 100 0C. also affords 
(41dendra1ene139. 14 and the formation of (215) from 
the allene (232) has been patented by Aufdermarahl42. 
Mg 	
••_____,ct 
(223) 	 (215) 	 (232) 
Scheme 109 
In addition to these eliminations 	and 
isomerisations. (215) has also been prepared via the 
extrusion of a small gaseous molecule from cyclic 
precursors. For example extrusion of nitrogen from 
(224) 136 , or carbon monoxide from (225) 137 gives 
(14)dendralene (Scheme 110). 
NN 
110 0 C 	 450 °C 
II 	 - I 	 II 
(2211) 	 (215) 	 (225) 
Scheme 110 
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In all of the reactions depicted in Schemes 
108-110, with the exception of (232) to (215), the 
diradica]. (226) has been cited as a common intermediate. 
This arises from the observation that the thermolyslB of 
(224) and (221) gives (Ll]dendralene in exactly the same 
ratio (33:67) with bicyclo(4.2.0)OCta-1,5-diefle (227) 
which is indicative of a common intermediate 36 . 
in 









The case for the intermediacy of (226) was 
strengthened by the isolation of the dimers (228) and 
(229), from the solution phase thermolysis of 
(221) 1- 36 .  
coo  
(228) 	 (229) 
Also the ex -o- and endo-adducts (230) and 
(231) were isolated by Bauld and Chana l 4l.that arose 
from the reaction of (221) with (226) (Scheme 112). 
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L,J) 
III 	 :Z~ 	 (230) 
	




Formation of these products arising from the 
Intermediate (226), serves to illustrate the major 
limitation inherent in these previous preparations 
of (LL]dendralene i.e. the difficulty of obtaining pure 
(215). In marked contrast to this, is the FVP of 
6, 7-dimethylene-3-thiabicyclO[3. 2. O]heptane -3. 3-dioxide 
(150) that 	affords 	(A)dendralene 	in essentially 
quantitative yield at 550 0 C. 
F VP 02S\ JJ 	 + S02 
(150) 	 (215) 
Scheme 113 
The preparation of (150) is possible from the 
ditosylate (151), by treatment with potassium 
tert-butoxide in DMSO, however the method of choice is 
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to convert the ditosylate to the dilodide (233) and then 
perform the bis-elimination with Nail in THF (Scheme 
1111). 
Q TS 02SCj::CjO_ TS 
	
2 N  I 	02sj1T 




Scheme 114  
(150) is isolable as a stable 	crystalline 
compound (m.p. 90-920C ), but it does display a 
tendency to polymerise and is routinely stored admixed 
with galvinoxyl free radical (234) at -30 0C. 
O------CF1 
(23LL) 
Similar precautions were taken to combat the 
polymerisation of (1]dendralene, whereby prior to use 
all glassware was rinsed with a dilute - solution of (234) 
in acetone and then dried at room temperature. Pure 
(I)dendralene was obtained by distillation from the 
galvinoxyl, followed by removal of the sulphur dioxide. 
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The latter was achieved by evacuating the (L&]dendralefle - 
sulphur dioxide mixture to 0.05 mmlfg 
while cooled to 
-ILO0 C. 
Fig. 18 50.3 MHz 13C-n.zfl.r. spectrum of 6.7_dimethYlene
-3 
thiabiCYClOC3. 2.0 .1 heptafle-3, 3-dioxide. 
02 S 
go 	 a 
It was found by Buchafl 3 that 6,7_dimethylene 
3_thiabiCYClO[3.2.0]h5Pt5_3,3_0) 	(150) 
successfully undergoes Diels-Alder reactions with a 
range of dieneophiles 3 . To develop this utility. 
cycloadditiofls with maleic anhydride, N-phenvlmale 
imide. methyl acrylate. 1,4_bertzoqUiflone. 1,1-naPhthO 
quinorta. 	E_1,2_di8u1PhOflY1PheflYl5t 	
and 	methyl 
propiolate were performed to afford the adducts (235) to 
(241) in good yields (Scheme 115). 
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0 
II 








CN—Ph 	 02STTjN_Ph 
II 	 0 0 
(236) 
CO2 lie '- 	.0O2Me 
(150) 









03 	. 02sIILiTIIQ 
 
Scheme 115 
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S 02 Ph SO2Ph 
(150) + 	Ir - 	02SJj, 




(150) + 	III 	. 0 sCID:IIIIII[r'' 
 
Scheme 115 
The problems arising from the tendency of (150) 
to polymerise, could be minimised by the inclusion of a 
trace amount of galvinoxyl in the reaction mixture. The 
behaviour of (150) towards dienophilee is in marked 
contrast to (4)dendralene. that has been found to react 
quite indiscriminately forming bis- and 	tris- 
adducta 3 • 133. The trans-adduct (240) was further 
treated by its conversion into the desuiphonated product 
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When the adduct (235) was subjected to FVP, 
extrusion of sulphur dioxide to the transient hexatriene 
system (243) was followed by electrocyclisation, to 





(235) 	 (243) 	 (244) 
E = CO 2 Ef 
Scheme 117 
From the above transformation, it was shown that 
the dimethylene suiphone (150) is a synthetic equivalent 
of (LL]dendralene, and by its use the synthetic sequence 
envisaged in Scheme 106b can be realised. Conjunctive 
reagents for tandem annelations, such as (150) • are 
quite rare in the literature but recently some new 
examples have been developed. Trost and Remuson 143 
report the use of 2-bromomethyl-3-trimethylsilylmethyl-
buta-1,3-diene (245), as one of these reagents that are 
capable of forming multiple ring systems. (245) is 
alk'lated with a suitable enolate, and the first 
annelation is achieved by desily].ation. The latter step 
also produces a new electron-rich diene-(247) that has 
been found to undergo cycloaddition reactions with a 





















A similar sequence can be performed on the 
reagent 2-dimethylaminomethyl-3-trimethylsilylmethyl-1, 3 
-butadiene (2118). Hosomi et al i44  report that 
(2118) will form a number of cycloadducts (2119) which 
when treated with f].ouride ion, after quaternisation, 
afford a new 1,3 -diene (250) that can be employed in a 
further Diels-Alder reaction (Scheme 119). 
SMT 	I(X 	SMT 	 X 
Me2N 	 + Me2N 
I i,Met 
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Another example of an annelation sequence has 
been developed by Angus and Johnson145, in which the 
cycloadduct (251) of dimethyl acetylenedicarboxylate 
(DMAD) and butadiene is reduced to the dio]. (252). 
Conversion into the new diene (253), is accomplished by 
treatment with iodide 	in 	the 	presence 	of 
trimethylsilylchloride, which is followed by 
dehalogenation with activated zinc. (253) was then 













The adducts (236) and (237) (Scheme 115) were 
found to behave in accordance with (235) when subjected 
to FVP. However the 13C-n.ni.r. spectrum does indicate 
the presence of an impurity that can be attributed to 
the result of 1,5-hydrogen shifts. (240) was found to 
- 162. - 
display a preference for the retro Diels-Alder reaction. 
and the only discernable component of the pyro].ysate was 
1, 2-disuiphonyiphenylethene. 
The behaviour of (241) was slightly different, 
in that the extra site of unsaturation promoted 
aromatisation via 1,5-hydrogen shifts. Thus at 500 0C 
a mixture of 3 components was observed, that was 
attributed to the result of rearrangdment and 
aromatisation (Scheme 121). 
	




Ecf_CO2Me cr CO2Me  
(256) 	 (257) 
Scheme 121 
At 7000C the formation of (256) and (257) was 
complete, giving rise to a 1:1 mixture of these 
products. Their structures were determined by their 
spectroscopic properties and essentially quantitative 
conversion 	into 	methyl 	naphth-2-oate 	with 
dichlorodicyanobenzoquinone (DDQ) in benzene (Scheme 
122). 
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ca CO2Me 
DDQ 
Benzene 0 UO 
CO2Me 
(258) 
ca CO2 Me 
 
Scheme 122 
Fig. 19 50.3 MHz 13C-n.m.r. spectrum of diethyl 4-thiatri-
cyclo[5.4.0.026]undec_1(7)_ene_4,4_dioxide -9, lo-dicarboxylate 
O? Sfl E 
02 E t 
$o 	io 	 4.' 	 '.o 	 lo 90 	 60 	 4o 
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5. Structural Considerations of [4]Dendra].ene 
Examination of molecular models indicates, that 
the preferred conformation of 	(Llidendralene would 
consist of two transoid and 	planar butadiene units 
occupying orthogonal planes. This empirical assessment 
Is based on the observation, that the "endo-hydrogen" 




The reported 	U.V. 	data134  supports this 
view. The absorbtion maximum of (4]dendralene (216.5 nm) 
hardly differs from that of butadiene (217 nm)16, 
which would suggest that similar levels of conjugation 
exist in both molecules. This is consistent with the 
proposed structure, as the orthogonal arrangement of 
butadiene units would prevent the central p orbitals 
from adopting the parallel allignment required for 
overlap. As a consequence the U.V. 	absorbtion 
would occur at a low wavelength. This is in marked 
contrast to the spectrum of o-xylylene 	(260), 	that 
has an absorbtion maximum at 373 nm as a consequence of 
its planar structure. 
oz Max 373 nm 
(260) 
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Examination of the proton magnetic spectrum of 
(4]dendralene shows that it closely resembles 	a 
2-substituted butadiene. The comparison was made to 
2-inethylbutadiene (isoprene) 14 7 148 and, as can be 
seen from the data in Table 1. the similarity of the 




3Jc 3 .it 
R 1,2 	5,6 4,6 4,5 	1,4 2,4 
Me 1.70 	1.25 10.76 17.52 	-0.78 -0.42 
2.33 	1.51 10.51 17.34 	-1.03 -0.48 
5Jcc 5Jct 5 itt 
R 115 1,6 2,5 	2.6 
Me 0.68 0.80 0.63 	1.22 
0.60 0.71 0.60 	-1.30 
Similarly the magnitudes of the ionisation 
potentials of (4]dendralene compare favourably with 
butadiene (Table 2). The data for (4)dendralene was 
obtained by an examination of the photoelectron spectrum 
(Fig. 21 ) in collaboration with Dr. M.Palzner of this 
department. 
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Fit. 21 Photoelectron spectrum of (A]Dendralene. 
10 	12 	14 	
16 	18 
cv 
Table 2. lonisation potentials (ev) 
	
[4] Dendralene 	Butadiene159 
8.75 	 9.09 
9.14 
10.91 	 11.55 
:1.1.17 
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Ab initio quantum mechanical calculations 
were also carried out by Dr. Palmer and, using the more 
refined double-zeta method, the optimised structure for 
(L)dendralene was determined (Fig. 22). The overview of 
the structure shown in figure 22, is that of two 
coplanar and transoid butadienes occupying planes 
opposed at a dihedral angle of 80.600 . 
Electron diffraction analysis of (I]dendralene, 
carried out by M.Davis under the supervision of Dr. 
D.Rankin of this department, determined that the 
stucture shown in Fig. 23 was the one most consistent 
with the experimental data. In this analysis however 
there are a number of discrepancies with the theoretical 
predictions. In particular, the central C-C single bond 
is shorter than expected (1.438 A), and the other C-C 
single bond is longer (1.501 A). Table 3 compares the 
calculated values with those derived from the electron 
diffraction analysis (ED.). 
Table 3. Structural Parameters for [L&]Dendralene 
(Distances in A. angles in degrees) 
Parameter 	 E.D. 	 Calculated 
C-H 	 1.087 	 1.080 
C1-C2 	 1.366 	 1.338 
C2-C3 	 1.501 	 1.481 
C3-C4 	 1.327 	 1.335 
C2-C11 	 1.438 	 1.501 
Mean C-C 	 1.480 	 1.488 
Diff C-C 	 -0.063 	 0.020 
Mean C=C 	 1.36 	 1.337 
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Table 3. 	cont. 
Parameter E.D. Calculated 
Diff C=C 0.039 0.003 
<11-2-3 120.7 119.2 
<11-2-1 123.1 120.7 
< 2-3-4 125.1 126.2 
< 2-3-7 109.3 114.8 
<C-C-B (terminal) 121.0 121.7 
<torsion 80.1 80.6 
Fig. 22 Optimised structure of [L&]Dendralene 	as 
determined by ab initio calculations. 
Bond lentha in A 
Assumed: All C-H=1.08 
Local butadiene units 
transoid and coplanar 
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Fiz. 23 Molecular geometry of 
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A search of the Cambridge Database, found that 
the pentalene system 152 (261) was more consistent with 
the structure derived from the electron—diffraction 
studies (Fig. 24). 
CO2Me 
C 02 Me 
(261) 
However, an identical ab initlo treatment of 
pentalene produced an optimum structure (Fig. 25 ) which 
was also in good agreement with the X-ray study of 
(261). Therefore no conclusions can be drawn from the 
resemblance of (261) to the electron-diffraction derived 
structure. Similar discrepancies between electron 
diffraction studies and other structure-determining 
methods have been observed in the past, particularly 
when three or more unique C-C single bonds are present 
in a molecule149. For example Harmony and Suernamt 50 
report the carbon skeleton of bicyc].o(2.1.01pentane 
(262) as that shown below, from an examination of its 
microwave spectrum. The results differed from that of 
Bohn and Tai 151 who derived different values from 
electron diffraction data. 
M. W. 	 E. D. 
3 4 	
C2.-C2=C3-C4=1.528 	 1.543 
ED> 5 	 C2-C3 	=1.565 	 1.622 
Ci.-CLL 	=1.536 	 1.439 
(262) 	 C2.-05=C4-05=1.507 	 1.521 
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Fig. 24 Structural parameters of diniethyl 1,6-di-
t-butylpentalene-1, 2-dicarboxylate (261) as determined 




4 6 / 
R 
Bond lengths in 
E=CO2Me 
R = tB u 
Fig. 25 Structural parameters of pentalene as 
determined by ab initio calculations. 
2.4 
	






3 	 8 
H 	 H 
Angle (degrees) 
1=107. 56 	 6=109.67 
2=1211.02 7=107.0 11 
Bond lengths in 	
3=128.112 	 8=126.19 
All C-H=1.080 11=126.60 
9=126.77 
5=123.73 
530 p in 
51&O dp in 
680 pm 
71&0 p in 
915 dp m 
988 dp w 
lOILO dp in 
1070 w 











Work in this department is continuing 	to 
resolve these differences and, to aid in the derivation 
of a structure consistent with the theoretical 
predictions, a study of the vibrational and rotational 
spectra of (L]dendralene has been initiated by 
Dr.S.Craddock. The microwave spectrum has yet to be 
analysed, but the jr. (gas and liquid) and Raman 
assignments, together with the corresponding bands in 
butadiene, are shown in Table IL. 
Table L&.Infra-red and Raman Spectra of [4]Dendralene 
Raman(l) 	i.r.(l) 	 i.r (g) 	Mode 
103 	m 	 163 	 C-C 
181& dp m 
203 dpm 
300 dp m 	 301 	 skeletal bend 
3I0 	vw 	340.w 	 in plane 
4I7 p m 	448 m 	435* 	444m skeletal bend 
475dpw 	475  
out of plane 
	
513 	1 75m skeletal bend 
in plane 
525 	535m 	CH2 
753 	690vw 
911 	905 vs 	CH 2 
967 	988 a XCH 
,0 CH2 
991 	1041 in 
1205 	1230 w VC-C 
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Table 4. cont 
Ramari(l) i.r.(].) i.r.(g) Mode 
1292 p vs 1295 w 1291 1300 vw ,CR 
1320 p 8 1296 
1369 w 1370 m 1385 1365 in 6CH2 
1400 p a 14014 in 
1420 p a 11420 mw 11442 
1580 dp w 1586 a 1599 1590 8 VC=C (as) 
1597 a 
1621 dp vs 
1631 	p vs 1626 w 16113 1625 w 	VC=C (a) 
29811 2978 3010 2990 VCH2(s) 
3008 	p 30111 ma 3014 
3032 in 3056 3024 VCH 
3090 dp 3094 a 3102 3104 VCH2 (aa) 
*corresponds to 	the out 	of plane skeletal 	bend 	of 
2-methylprop-2-ene 
As can be seen, the vibrational, properties of 
(L&]dendralene are in line with those of butadiene. It 
is of particular interest that the C=C stretching mode 
shows four bands by comparison to the two of butadiene. 
This would suggest that the structure consists of two 
independent dienes,. thus compounding the evidence in 
favour of the theoretical predictions. 
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6. 	Attempts at the Preparation of 6,7-Dioxo - 3- thia-- 
bicyc].o[3. 2.0] heptane-3, 3-dioxide 
The title compound (265) was - envisaged as an 
annelating reagent that could be employed in the 
preparation of tricyclic suiphones. This would either 
involve bis-Wittig reactions, 	an 	approach 	that 
W11cox153 has adopted to good effect in the 
preparation of biphenylenes, or cyclocondensations. 
02S 	I I 
\ -'*O 
(265) 
It was proposed to introduce the aiphadiketone 
function in a masked form, 	by the use of 
dichiorovinylenecarbonate (DCVC) 	(266). 	Scharf1 5 4 
reviews the reactions of DCVC and describes how the 
solvolytic unmasking has been used to prepare a wide 
range of o(-diketones. It was decided to prepare (265) 
via the cyc].oadduct (267) of DCVC and butadiene 
suiphone (Scheme 123). 
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CE 
Cl 	 hv 
CI 
  
02s:TIj1 	+ 	 O2 	 O 
Cl 
(1) 	 (266) 	 (267) 




DCVC was prepared by the 	photoinduced 
perchiorination of ethylenecarbonate to give the 
tetrachlorocarbonate (269). Dechlorination by activated 
zinc in the presence of a catalytic amount of DMF gave 
(266). 





(268) 	 (269) 	 (266) 
Scheme 124  
(266) 	is 	reported 	to 	be 	a 	good 
photocyc1ophile15557 , however when the reaction was 
applied to butadiene suiphone, the adduct (267) was 
isolated in only trace amounts and precluded any further 
transformation. To realise the preparation of (265). the 
adduct (270) of vinylerie carbonate and butadiene 
sulphone was prepared and hydrolysed to the cis-diol 
- 175 - 
(271). It was hoped to perform an oxidation for the 
conversion of (271) to the diketone (265). However it is 
clear from the literature1 5 8  that the Malaprade 
reaction, which involves cleavage of a vic-diol to a 
dicarbonyl, would prohibit the preparation of (265) by 
this route. 
02sj + 	
. 0 0 
	
hv 









(265) 	 (271) 
Scheme 125 
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Previous limitations of highly reactive [4]dendralene [3,4-dimethylenehexa-1,5-diene (1)] as a tandem annelating 
reagent in Diels-Alder reactions are overcome by use of its masked form, 6,7-dimethylene-3-thiabicyclo[3.2.01-
heptane-3,3-dioxide (2), and subsequent extrusion of SO 2 under flash vacuum pyrolytic conditions. 
[4]Dendralene [3,4-dimethylenehexa-1 ,5-diene (1)], having 
two overlapping cross-conjugated diene systems,' is a fasci-
nating yet little studied compound not least since it is difficult 
to prepare in the pure state 2 and is very prone to poly-
merisation. 3 These difficulties are further compounded from a 
synthetic viewpoint by its indiscriminate reactivity in Diels-
Alder reactions24 which prevent its direct use in a tandem 
annelation scheme as symbolized by equation (1). We now 
describe a straightforward experimental means of achieving 
this end by use of the novel bicyclic sulphone (2) which in 
reality is a masked form of pure [4]dendralene (1). 
We easily prepared the key compound (2) in 25% overall 
yield from the photoadduct (3) of 2,5-dihydrothiophene 
1,1-dioxide with maleic anhydride 5 by successive esterifica-
tion, reduction to the diol, conversion into the bis(toluene-p-
suiphonate), and elimination with potassium t-butoxide in 
dimethyl sulphoxide (DMSO). It is a colourless crystalline 
solid (m.p. 90-92 °C decomp.) which can be handled without 
special precautions although it does show a tendency to 
polymerize on standing and is best stored admixed with a free 
radical inhibitor such as galvinoxyl (<5% w/w). The structure 
of (2) was established by elemental analysis and complemen-
tary spectral datat and its behaviour when subjected to flash 
vacuum pyrolysis (f.v.p.) at 550 °C and 10 -3 mmHg. Under 
these conditions, it loses SO 2 to produce [4]dendralene (1)1: as 
the sole product in virtually quantitative yield. This result 
demonstrated the nature of (2) as a masked equivalent of 
[41dendralene (1). It is also an excellent diene for Diels-Alder 
cycloadditions and by combining this reaction with subsequent 
unmasking, we have developed a new methodology for the 
construction of annelated six-membered rings. 
In a typical annelation sequence, the conjunctive reagent 
(2) was reacted with N-phenyl-3H-1,2,4-triazoline-3,5-dione 
in dry diethyl ether at room temperature to give the adduct (4) 
(E__>  
aECaE (1) E 3 
(1) 
62S 	 02 S O 
(2) 	 (3) 	0 
t All new compounds gave analytical and spectral data in agreement 
with their assigned structures: (2) 'H n.m.r. (CDCI 3) ô 5.39 (2H. s). 
4.96 (2H, s), 3.83-3.65 (2H, m), and 3.50-2.98 (4H. m); 'C n.m.r. 
(CDCI3) 6  147.94, 106.92, 53.33, and 38.85. 
We are indebted to Professor Roth for a copy of the 'H n.m.r 
spectrum of (1) (see ref. 4).  
(91%) as a colourless crystalline solid, m.p. 235-236 °C ['H 
n.m.r. ([ 2H6]DMSO) 7.49-7.36 (5H, m), 4.25-4.07 (4H, 
m), 3.83-3.80 (2H, m), and 3.37-3.11 (4H, m)j. Removal of 
SO2 by f.v.p. of (4) at 500 °C and 10 -3 mmHg then gave the 
novel tetrahydrophthalazine derivative [(6); m.p. 141-
142 °C; 'H n.m.r. (CDCI 3) 7.53-7.34 (5H, m), 5.83 (2H, 
br.$), 4.32 (4H, d, J 1.2 Hz), and 2.19 (4H, d, J 2.0 Hz)] in 
56% yield. Formation of (6) is envisaged as occurring by 
electrocyclization of the intermediate (5) and is in marked 
contrast to the equivalent reaction of [41dendralene (1) with 
N-phenyl-3H-1 ,2 ,4-triazoline-3 ,5-dione and other dienophiles 
in which bis- and tris-Diels-Alder adducts are formed. 
Similar pyrolyses of other cycloadducts obtained from the 
diene (2) and a variety of dienophiles, including maleic 
anhydride (77%), dimethyl acetylenedicarboxylate (53%), 
tetracyanoethylene (91%), maleimide (78%), 1,2-
disulphonylphenylethene (49%), and methyl propiolate 
(52%), generated tetra- and hexa-hydronaphthalene deriva-
tives in good-to-excellent yields. In the case of methyl 
propiolate, pyrolysis of the adduct (7) at 500 °C gave mainly 
the tetrahydro-compound (8). At the higher temperature of 
700 °C, a 1: 1 mixture of the dihydro-isomers (9) and (10) 
was formed from (8) by 1,5-hydrogen shifts and loss of 
hydrogen. The structures of (9) and (10) followed from their 
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;pectroscopic properties and essentially quantitative conver-
,ion into methyl 2-naphthoate (m.p. 77-78 °C; lit.6  76 °C) 
with 2,3,5,6-dichlorodicyanobenzoquinone (DDQ) in ben-
ene at room temperature. 
Received, 23rd September 1985; Corn. 1380 
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